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INTRODUCTION 
Radioecology has developed in the last decade from an 
almost unheard of science to one of major importance* The 
great body of literature on radiation effects on organisms 
has only recently been applied to natural situations. Most of 
th© latter work is the result of Interest in the possible 
effects of radioactive fallout on ecological systems. The 
long term effects of chronic ionizing radiation on natural 
ecological units has scarcely been explored. 
In 1961 a project was established at Brookhaven Natio¬ 
nal Laboratory, Upton, Hew York to study the effects of 
chronic gamma radiation on a forest community and its compo¬ 
nents (Woodwell, 1963a). The three main objectives of the 
study were: first, the measurement of long term effects of 
chronic ionizing radiation on a natural community and its 
components; second, appraisal of the potential effects of 
nuclear catastrophic© on ecosystems; and third, the need for 
basic research on the structure and function of ecosystems 
(Woodwell, 1963a). 
As part of this large project, a study of the insect 
community was initiated. The objective of this study was to 
elucidate the pattern of changes in the Insect community of 
th© irradiated forest. Among animals. Insects are known to be 
one of the groups most resistant to radiation, at least In the 
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adult stage* It was hoped that this study would show whether 
insects would dominate in an Irradiated area, whether they 
would be killed by radiation during sensitive developmental 
stages, or whether they would be eliminated when their food 
plants died. 
Changes in Insect populations may result from, direct 
effects of radiation on Individual insects, the concentration 
of insects on depleted food supplies, and from reactions to 
radiation induced changes In vegetation* Behavioral changes 
induced by radiation or by the changed environmental conditions 
could also play a part* 
Prior to initiation of irradiation, intensive studies 
were made of the plant and animal communities* These studies 
were continued for the three subsequent years of chronic irrad¬ 
iation* Studies were made of fluctuations in populations 
representative of different trophic components of the community. 
Emphasis was placed on the Insects of the shrub synusia, those 
associated with radiation killed pitch pines, and insects char¬ 
acteristic of radiation stressed plants* 
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ANALYSIS of the literature 
Radiation Effects on Insects 
/ 
The effects of radiation on laboratory populations of 
insects are becoaming fairly well established. Much litera¬ 
ture now exists on the dosages of radiation necessary to 
sterilize or kill various stages of many Insects. The possi¬ 
ble consequences resulting from radiation induced changes in 
natural populations have been little studied. On© notable 
exception is the mass of information published on elimination 
of the screw worm fly by releasing irradiation sterilized 
flies into natural populations. Reports of radiation effects 
on insect populations under field conditions are those by 
Brower (1963, 1964). 
0*Brian and Wolf© (1964) published a review of radia¬ 
tion effects on Insects. They deal with "nongenetic effects" 
under which they include such diverse categories as sex and 
genome number, age, nutritional status, longevity, and lethality. 
Their consideration is definitely from a physiological viewpoint. 
Hllchey (195?) ®a&® a more complete summary of the action 
of ionizing radiation on insects which is perhaps the best 
summary of the lethal effects of radiation available. A table 
of exposures necessary to kill the various stages of thirty- 
seven species is presented. In addition, there are short dis¬ 
cussions of other aspects such as radiation effects on 
development, reproduction, longevity, physiology, and genetic 
change. 
Brower (1964) reviewed the entomological literature on 
radiation effects which might influence natural populations* 
Possible ecological consequences of irradiating natural pop¬ 
ulations were postulated from existing laboratory studies* 
Population Effects 
Chronic Exposures* All previous reports on the effects 
of chronic radiation on populations have concerned laboratory 
work, and most have considered only genetic effects. Work 
with Drosophila exposed to low levels of chronic radiation has 
indicated that there may be an adaptation to the increased 
levels of radiation (Wallace & King, 1950, 1951? Wallace, 1955) 
or no mutational adaptation (Lflnlng Sc Jonsson, 1953)* In con¬ 
trast, Spalding and Strong (1961), working with mice, reported 
a radiation Induced decrement In ability of mice to withstand 
gamma radiation stress. Since genetic effects caused by radia¬ 
tion may have no threshold (Muller, 1954), any increase in 
background levels would increase the mutation rate. Although 
this may have great consequence to the individual, the popula¬ 
tion equilibrium may not be affected since deleterious changes 
would b© selected against in a natural situation. 
Some authors have noticed various types of stimulatory 
-4- 
effeots at low levels of radiation, while others have reported 
Inhibition* Rodriquez (1948) reported increased fecundity of 
mites on plants containing P-32 over that of mites on control 
plants. He did not offer any explanation for the increase. 
However, Br&man (1962a) cultured, a species of moth on food 
containing Sr-$9 and found progressively fewer progeny as the 
level of activity was raised. A developmental delay and an 
increase in the ratio of males to females were also observed 
at all isotopic concentrations employed. The Intrinsic rate 
of natural Increase for a population of Daphnla pulex has been 
shown to decline under continuous Irradiation (Marshall, 1962). 
Lowering of the Intrinsic rate of natural Increase could re¬ 
sult in a. contraction of a species range, or in a reduction 
in average abundance under natural conditions. This lowering 
increases the possibility of elimination by competitors, pre¬ 
dators, or parasites. 
In a recent discussion of reasons for change in insect 
populations in a chronically irradiated forest, Brower (1963) 
found that populations were divided Into the herbivore food 
chain whose abundance declines, and the detritus food chain 
composed of populations which may increase in the irradiated 
area. 
Acute Exposures Laboratory studies of radiation effects 
on populations have been made using acute exposures and then 
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studying the subsequent effects. Harden (1962) Irradiated a 
species of beetle and found that the progeny were less fecund, 
lighter in weight, and developed more slowly. The last effect 
had not disappeared after ten generations. Barlett (1962) 
reported that selective pressure was not as effective in pro¬ 
moting phenotypic change after irradiation as it was before. 
Other authors using various insects have reported that low 
levels of radiation reduce the number and viable percentage 
of eggs, thereby reducing the population size or decreasing 
its growth rate (Melville, 1956; Howden & Auerbach, 1958 s 
Auerbach et al., 1957? and DeBach & White, 1962). 
Auerbach (1953) working with populations of Collembola 
and mites found a stimulatory effect on the Collembola which 
was reflected in an increase in numbers. He attributed this 
increase to a reduction in predation, parasitism, or compe¬ 
tition. He also noticed a marked Increase in an herbivorous 
mite when the more sensitive predatory mite was reduced to 
very low numbers by radiation. In a continuation study of 
two interacting populations of different mites, one a predator 
and one a prey, Hohde (1959) obtained additional evidence to 
support the hypothesis of reduced predator pressure. He 
found that In eggs of equal chronological age, those of the 
predator were $0% more sensitive than those of the prey. 
However, in eggs which had completed one half of their develop¬ 
ment, 24 and 48 hours respectively, the prey eggs were much 
-6- 
more sensitive than the predator's* In addition, the predator 
male was rendered permanently sterile by doses that produced 
only temporary sterility In the male prey. Thus chronic 
effects on populations may he quite different from those indi¬ 
cated by irradiating only a single stage in the life cycle 
even among closely related organisms. 
Effects on Wood-boring Insects 
\Tery little research has been conducted on the effects 
of radiation on wood-boring insects, in spite of the fact that 
these insects are of major economic importance. Non© of the 
reports to date pertains to field populations or to their 
ecology but are limited to the possibility of radiation control. 
Bletchly (195S, 1961) treated timbers infested by three 
species of wood-boring beetles with gamma radiation. Dosages 
of about 10,G00r were needed for adequate control of two species 
of pow&erpost beetles and one species of longhorn beetle. 
Stark and V/ood (1964) reported on the dosages of acute radia¬ 
tion necessary to produce sterility in Ins eonfusus. They 
found 10,000r was necessary to sterilize this species, but 
that gallery pattern was unaffected by 6o,000r. Longevity 
was reduced at all radiation levels greater than 5,000r. 
Effects on Ants 
The only report in the literature dealing with ant 
sensitivity to direct radiation erasure Is that by Cole, La 
Brecque, and Burden (1959). They reported that for the 
pharaoh ant, Konoaorium ph&raonls. the LP50 in 24 hours for 
workers was l40f000r, while that for the queen was 190f000r 
of gamma radiation. The dosages necessary to produce complete 
mortality within 24 hours were 22.5*000r for workers and 
210,00Or for the queen. Since these values are high, it 
would appear that ants, at least the adults, are among the 
more radioresistant insects* Brower (1964) reported on ants 
in a woods area exposed to chronic gam&s radiation. Be 
found that ants were absent, for the most part, from shrubs 
near the source? of radiation. He attributed this primarily 
to a lack of food, since th© closest shrubs were dead and 
even those further away were low in Insect abundance. 
One of the most intriguing aspects of radiation effects 
on animals is the possibility of behavioral changes elicited 
by the radiation. Several vertebrate animals apparently can 
sense radiation and thus tend to avoid it. The only report 
of an insect which shows a definite avoidance response concerns 
the ant. Hug (Brinkman, 1962) discussed this avoidance res¬ 
ponse of ants and offered a possible explanation. Insects 
have not been shown to demonstrate this reaction under field 
conditions, and ants woxild be likely subjects for such a study. 
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Ecology of Ax>hids 
Aphid Biology 
A great deal of literature exists which deals with 
aphids, but there is still a need for more basic biological 
work on this large and complex family. Many aspects of aphid 
biology have been reviewed recently, and through the extensive 
bibliographies this field can be explored further. One excel¬ 
lent review of aphid biology has been published by Kennedy 
and Stroyan (1959)* This should be consulted by those wishing 
to follow the various aspects of aohid biology not covered 
here. 1 will attempt to consider only those aspects which 
might be related to buildup of aphid populations on radiation 
stressed plants. 
Aphids are almost ideal for studying radiation effects 
in a natural situation. Once they settle to feed they usually 
move very little. They reproduce rapidly, and since most gen¬ 
erations are produced parthenogenetically, they can complete 
many generations in a short time and are, therefore, almost 
ideally suited for rapid utilization of increased food supply. 
In contrast to most other groups of insects, these partheao- 
genetic offspring are not haploids but diploids. Individual 
fecundity of the vtrginopara is modest, 100 offspring being 
quite a high total. It is the telescoping of the generations 
which gives aphids their unequaled rates of multiplication and 
~9~ 
the oft-quoted totals of theoretical numbers of progeny from 
one female in one year - such as 524 billion for Aphis fabae 
(Kennedy & Stray an, 1959)* 
One basis for this extraordinary reproductive potential 
is the method of feeding: tapping the nutrient sap stream in 
the phloem sieve tubes of the plant* In a turgid plant this 
sap is under pressure, and when the rostra of feeding aphids 
is severed, sap continues to exude from the stylet stumps left 
in the plant (Kennedy & Stroyan, 1959). 
The specific reasons why an aphid population may increase 
to outbreak proportions are still obscure* Several possibili¬ 
ties have been proposed by various authors, but none has had 
much data to support it* Host of the numerous studies on pop¬ 
ulations of economic aphids have been concentrated on the 
effects of natural enemies* Hecent work on aphid nutrition 
may ultimately lead to a solution of this problem* 
Aphid Nutrition 
Because of the close dependence of aphids on their host 
plants, the condition of the plants is likely to be particu¬ 
larly important in aphid population dynamics* There is o op las, 
if as yet largely unanalyzed evidence, that aphid numbers 
depend closely through nutrition on the state of the plant 
(Kennedy St Stroyan, 1959; Kennedy, 1958? and Sokolov & Sokolova, 
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1952}* Much circumstantial evidence from the responses of 
aphids points to nutritional deficiency in the absence of 
young growing or of seneselng plant organs (Kennedy, 1958)* 
Direct evidence of this In terms of sap composition (nitrogen 
content) is available for Tnberolachnus salignus on Sallx, 
where the growth rates, sizes, and birth rates of the aphids 
show a corresponding depression when leaf growth slows until 
senescence sets In (Mittler, 1958). 
An excellent review of the great mass of literature on 
aphid feeding and aphid nutrition has been prepared by Auclalr 
(1963)* Earlier reviews of insect nutrition and digestion 
also dealt with aphids (Lipke & Praenkel, 1956; Waterhouse, 
1957? Friend, 1958? and House, 1961), Craige (i960) summarized 
the literature on the excretion of Insects in which he has an 
extensive discussion of honeydew. Thorsteinson (i960) summa¬ 
rized the knowledge of host selection among phytophagous 
insects, including aphids, while aspects of plant resistance 
to insects in general, and to aphids In particular, were dis¬ 
cussed by Fainter (1958a, b)* 
Several authors have come to the conclusion that the 
amount of nitrogen or of amino acids in the plant sap was the 
limiting factor nutritionally (Auclalr, 1963, 1964; Auclalr ©t 
&1*» 1957; Evans, 1938; Maitala & Auclalr, 1957? and Water- 
house, 1957)* Some authors have disagreed with this premise, 
mostly on the basis of the high amino acid content in the 
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excrated honeydew (Auclair, 1953? and Kennedy k Stroyan, 1959)* 
Auclair (1963) tabulated the amino add constituents of honey- 
dew as reported by various authors. Seasonal fluctuations in 
honeydew composition reflected changes in the qualitative 
amino acid composition and the total nitrogen level of the 
plant sap Ingested by Tuberolaohnus sail gnus (Hit tier, 195-8). 
Auclair (1959) reported that honeydew from aphids on susceptible 
pea varieties contained slightly higher concentrations of free 
aalno acids and amides than that from resistant varieties* 
The latter varieties were shown to have lower free and total 
amino acid contents, both in field and greenhouse tests. On 
plants crowded with aphids, the total amino acid content of 
excreted honeydew dropped 10-50$ as compared to that excreted 
by aphids on uncrowded plants (Auclair, 1963). In the pea 
aphid* 28-44$ of the ingested nitrogen was passed out in the 
honeydew as amino acids and amides, and 49-62$ of the ingested 
nitrogen was used for body weight Increase (Auclair, 1963). 
It has been suggested (Auclair, 1963) that aphids on a suscep¬ 
tible host Ingest nitrogen in excess, perhaps in order to 
obtain enough of some essential nutrient such as vitamins, 
present in .low amounts In the diet. Finally, Shaposhnikov 
(Auclair, 1963) reported that aphids thrive better on plants 
having a high water-soluble nitrogemproteln nitrogen ratio, 
a fairly large water content of the tissues, and sap of 5-10$ 
concentration. 
—12— 
Host Selection by Aphids 
Thorsteinson (I960) summarized the subject of host 
selection for phytophagous insects, but devotes relatively 
little space to the aphids# Aphids apparently recognize a 
suitable host only after the stylets have penetrated the plant 
tissues, and this contention is supported by recent studies 
on their probing behavior (Wensler, 1962}# 
Host finding and selection by aphids has been adequa¬ 
tely covered by Kennedy and Stroyan (1963) so only the high 
points will be mentioned here# For the most part, dispersal 
and alighting by winged migrants are entirely random and 
alighting on suitable or unsuitable hosts appears to be indis¬ 
criminate (Muller, 1953). However, field traps have revealed 
some differences in the spectral responses of aphid species, 
yellows being especially attractive to some (E&stop, 1955)# 
Since young leaves and senescing leaves are both yellower than 
mature ones, it is possible that the effectiveness of yellows 
in causing alighting and probing may be related to the more 
favorable nutritional and physiological status of yellowing 
plant parts (Kennedy & Stroyan, 1963). 
There is ample evidence that once a nutritionally suit¬ 
able host is found, high populations may build up# Evans 
(1938) has demonstrated that under late summer conditions of 
light the rate of reproduction of the aphid, Brevlcoryne brasslcae 
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is positively correlated with the nitrogen content of the host 
plant, and in particular, with the protein content. Kennedy 
Bi* (1950f 1951) reported that growing and senescing leaves 
were both more susceptible to colonization than mature or 
dying leaves* However, they did not attempt to explain their 
observations. Later, Kennedy and Booth (195*0 explained this 
preference for leaves of a certain age by assuming that the 
aioet nutritious is chosen for food. Thus, the congregation 
on certain aged leaves is only a result of the more suitable 
physiological host state. They presume the stimuli to be 
identical with the nutrients or very closely associated with 
them. It has been observed that galled or virus infected 
leaves were preferred by aphids (Kennedy * Booth, 1954), and 
it was suggested that these invasions accelerate the conver¬ 
sion of the leaf to the stage most acceptable to the aphids. 
Ecology of Bark Beetles 
In order to understand radiation effects on a natural 
population, the ©oology of the insect must be considered in 
detail. Bibliographic sources contain well over 7,000 refer¬ 
ences on bark beetles (Rudinsky, 1962), and most of these 
contain at least some ecological information. Beal and Massey 
(1945), Blackman (1950) and others have published monographic 
works in this field. Rudinsky (1962) has published an excell¬ 
ent review of the recent literature on the ecology of the 
w* JL^I*** 
Seolyti&ae. Therefore, I will mention only the aspects of bark 
beetle ecology pertinent to understanding radiation effects* 
Ecological Groups of Bark Beetles 
Different groups of bark beetles may attack healthy, 
decadent, or dead trees, or a combination of these* Some which 
attack decadent trees sometimes become primary and attack heal¬ 
thy trees (Keen, 1952? Blaokman, 1950). The species in the 
£@nus lPg are mostly secondary insects, although a few species 
have become primary on occasion (Keen, 1952)* Under endemic 
population levels they breed in trees of subnormal physiolo¬ 
gical vigor such as those weakened or killed by drought, fire, 
wind, defoliators, diseases, or other agents, including ioniz¬ 
ing radiation (Hudinsky, 1962)* 
Factors Influencing Larval Development 
Bark Beetles have the characteristic of completing the 
whole life cycle, except for a short flight period, in or under 
the bark or in the wood of a tree (Budinsky, 1962). Because 
of the penetrating qualities of X- and gamma rays this habit 
serves only as a moderate protective factor (Bletohly, 1958). 
Beetles breeding in the bark-wood interface are protected only 
by the thickness of the bark unless shielded by the thickness 
of the trunk* 
Beal and Massey (19&5) reported that a vary high moia- 
ture content in the cambium can occur In trees that have been 
defoliated by fire or leaf-feeding Insects, since transpira¬ 
tion was stopped and the sterna appeared to be waterlogged* It 
was found that with radiation defoliated trees a similar con¬ 
dition of the inner bark exists* High water content of the 
inner bark ls detrimental to brood development, but heavy 
beetle infestation facilitates drying because of the large 
number of attack holes (Beal ■& Massey, 1945). 
Finding the Host 
Under equal light and temperature conditions th© dis¬ 
pel sal flight of beetles occurs in any direction except into 
a strong wind* When, however, a definite temperature gradient 
exists in a stand, especially early in the season, flight is 
toward the warmer temperature (Rudlnsky, 1962). Thus, a 
species might tend to concentrate at the warmer edge of a 
closed forest stand or a radiation caused opening in a forest 
canopy. 
Anderson (19^3), studying the host selection behavior 
0i EiEl 3ack pine, suggested that suitable breeding 
material by itself does not produce sufficient attraction to 
uraw the beetles from a distance. Instead, host selection by 
the beetles depended more on the activity of the pioneer beet¬ 
les and the resulting attractiveness than on the host itself. 
n 
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Af «er tne first oeetles become established, more and more 
lweij.es are attracted until there is no more space for addi' 
tional invasion. The same observation was made for Ip3 oon- 
fusus attacking ponderosa pine (Wood & Vlte, 1961). 
Population Dynamics 
ll^SLl^£5^M.CS.°tlng Population Increase; The abundance 
of suitable breeding material has been shown to be the decisive 
factor in outbreaks of bark beetles (Rudlnsky, 1962). Zwolfer 
(Hudinsky, 1962) In Bavaria found that outbreaks of serval 
species of Igs were always associated with an abundance of 
breeding material and an initial large beetle population. 
Abundance of susceptible breeding material may be pro¬ 
duced in several ways, intensive wlndthrow has preceded the 
beginning of enormous outbreaks of Pendroctonus in North Amer¬ 
ica (Beal & Massey, 1945? Keen, 1952; and Miller, 1929). Snow 
and ice damage In dense, young stands has stimulated severe 
outbreaks of various species of l£g (Rudlnsky, 1962). Defo¬ 
liation by caterpillars, even if it does not kill the tree 
outright, reduces plant resistance so that bark beetles can 
Invade and outbreaks develop (Keen, 1952). Prolonged drought 
is probably the most important factor in decreasing the re¬ 
sistance of trees over large areas to the point of suscepti¬ 
bility to bark beetles (Anderson, 1948? Beal & Massey, 1945? 
Craighead, 1925? Ball, 1953? 3t. George, 1930; et al.). 
17- 
Xonizing radiation may also debilitate or kill large 
stands of trees, pines being particularly sensitive {Pedigo, 
19635 Platt, 1963; Hebuck & Woodwell, 19641 and Sparrow k 
Wcodwell, 1963}* This could lead to Infestation by bark beetles 
and even outbreaks depending on th© area of debilitation. 
Factors Affecting Population Declines Competition, 
both interspecific and intraspecific, for food and space has 
been fo\md to contribute significantly to the decline of bark 
beetle populations. Denton (Kudinsky, 1962} working in Michi¬ 
gan found that in simultaneous Invasions by Dendroetonus and 
Jpg» destruction of the Dendroetonus larvae was the result of 
the faster development and greater utilisation of the cambium 
the Xps. At times very dense Invasion of trees by scaly- 
tide will result in almost total, mortality of the late instar 
larvae {Hudinsky, 1962). Knight (195®) showed that th© number 
of beetles maturing in a tree at first increases with an in¬ 
crease in amount of egg gallery, but then after a high point, 
decreases because of competition. Hutchinson (1951) reported 
that woodpeckers in an infested area may destroy up to 55$ of 
the englemann spruce beetles* Knight (1958), studying the 
same species found reductions in beetle populations of 45-98$ 
depending on the amount of woodpecker feeding activity per 
tree. He also found that the numerical survival of beetles 
was greatest in the trees worked moderately by the woodpeckers 
presumably due to a decrease In intraspecific competition. 
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The Genus Ips 
Th© genus Ips Is one of four closely related genera In 
the tribe Ipini, subtribe Ipina. Hopping (1963) recognized 
32 species of Iga in North America# In Ips the posterior end 
of the body is diagonally truncate with three to sir teeth, 
variously developed and differently arranged for each species 
(Blackman, 1950)* 
Ips grandlcolll© and Ips calllgraphuss Ips grandicollis 
I* oall.lgraphust are very similar In appearance and habits. 
grand1collis ranges from 3*0-3*8mm long and has five teeth 
on each side of the elytral declivity, while I* oalllgraphus 
is larger, 4-6mm long and has six teeth. Both species occur 
in the east and any of the pines In their ranges may be attacked. 
Thatcher (i960) published the best report of these species 
seen, but it was concerned mostly with the southern populations. 
He found that in the south 20-30 days were required for one 
complete generation, and there were six or more generations 
a year. Blackman (I960) reported that these species preferred 
recently killed trees, but that they could become primary and 
attack healthy ones. Beetles overwinter in all stages in trees 
and recently cut logs. Ips grandlcollls prefers the stems of 
saplings or the upper stems and limbs of larger trees, while 
I* oalllgraphus occupies larger stems, usually above 6 inches 
in diameter (Thatcher, i960). He also lists several parasites 
&nd insect predators of these species. 
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Sampling Methods 
Sampling of Insect populations in complex vegetation 
such as a forest is a difficult problem* Most studies of 
natural or applied control measures and population dynamics 
in the field have involved some sort of population sampling 
method* The literature on insect sampling ist therefore, 
very extensive, and a great diversity in techniques has ari¬ 
sen* Methods are usually specific for the insects of a 
single community component or layer or even for a single 
species* An excellent review on sampling of insect popula¬ 
tions in general is one by Morris (i960}* 
Sweep Samp ling 
Quantitative sampling methods which yield large num¬ 
bers of insects rapidly and with a reasonable degree of accur¬ 
acy are few* The method which best satisfies these criteria 
Is sweep sampling* This method was used extensively by Shel- 
ford and his students (Shelford, 1951$ et al.)* it involves 
50 sweeps synchronized with the collectors pace which are 
taken with a standard type net* A review of sweep sampling 
methods, their applications, and the results obtainable, has 
been given by Carpenter (1936)* Brower (1964) reviewed the 
literature on this subject more recently* 
Sweep sampling has been criticized by several workers 
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for Its obvious limitations* DeLong (1932) summarized the 
difficulties of the method and expressed doubts about its 
usefulness* Environmental factors were found by Romney (1945) 
and Hughes (1955) to affect the catch* Romney found temper¬ 
ature had a marked effect on the size of his catch, while 
wind also played an important role* It is also evident that 
the catch of a given species depends upon its behavior and 
responsiveness, as well as on environmental factors affecting 
these* Statistical studies by Gray and Treloar (1933) and 
Beall (1935) also pointed out the wide variations obtained 
by this method. Carpenter (1936), however, in reviewing the 
work up to that time found that it was a very useful tool, 
and that there was good agreement between the results of 
different surveys even in unlike types of vegetation* 
Brower (1964) reported that even though sweep samples 
are imperfectly representative of the total Insect community 
and do not give absolute values for population size, they 
yield valuable data on population changes of a comparative 
nature. Most of the faults in this type of sampling can be 
avoided by intensive standarization of the technique and com¬ 
parison of samples from single, homogeneous vegetational types* 
Fluctuations due to weather changes can be negated by compar¬ 
ison of samples from different locations taken within a short 
period during a single day* If the limitations are consider¬ 
ed in the interpretation, the method can be very valuable* 
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Bark Beetle Sampling 
Host studies of bark beetle populations have required 
a sampling scheme but many authors have failed to mention 
their sampling methods and probably merely stripped the bark 
from infested trees# Knight (1953, I960) sampled natural bee¬ 
tle populations by removing 6 Inch bark squares from the north 
and south sides of infested trees. He failed to mention the 
actual method of bark square removal. Furalss (1962) developed 
a more sophisticated method of removing bark samples. He 
used a circular punch which removed a 1/10 square foot sample. 
This technique seemed particularly well suited to large, thick- 
barked trees. 
£ggjThe trap log method depends on the premise 
fcnafc beetles flying in search of food are more readily attra¬ 
cted to the trap logs than they are to living trees. In this 
way the beetles can be concentrated and destroyed. Martin 
(1936, 1946) is one of the few who has used this principal to 
study bark beetle population dynamics in the field. He studied 
beetle characteristics such as time of attack, preference for 
horizontal or vertical logs, and for shaded or unshaded logs. 
EXPERIMENTAL AREA AND PROCEDURES 
The Experimental Forest 
forest Description 
The experimental forest is representative of the oak- 
pitch pine forests of Long Island, and has been described by 
Woodwell (1963a, b)* The stand covers an area of approximately 
50 hectares (125 acres). The principal tree species by number 
of stems over 3 meters in height are white oak, Quercus alba L. 
which comprises 63$ and scarlet oak, cocolnea Muenchh. about 
3*9$* ^*nus rig Ida Mill., pitch pine, is the only other impor¬ 
tant species of the canopy and comprises 13$, although black 
oak, sj. velutlna Lam. occurs as scatterd trees and makes up 
the remaining 5$. The tallest and oldest of the trees are 
pines, the largest more than 90 years old and 16-20 meters 
tall. Most of the young pines are suppressed. White and 
scarlet oaks of the canopy are 8-12 meters tall and 35-45 years 
old, having regenerated after a fire about 1913 (Woodwell, 1963a). 
The understory is characterized by bear oak, lllel- 
Wang., which is scattered and seldom exceeds 1 meter in 
height. The shrub synusia consists of three principal species, 
all in the family Ericaceae. Gaylussacla baocata (Wang.)K.Koch 
is the most abundant, with Vacclnlum vaolllans Torr. and V. 
angustlfolium Ait. making up the remainder. G. baccata is the 
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tallest of the shrubs, usually between 2 and 5dm in height. 
vacIlians Is next In height and Is usually about 3dm high 
while V. angustlfollum is about 1dm high. These form a mosaic 
stratum of the forest with fluctuations in both density and 
species composition. Species composition varied between points 
along a sector due largely to the clonal distribution of the 
shrubs. 
The experimental forest is circular and is divided into 
16 pie-shaped sectors of equal size, numbered clockwise so 
that 01 is due north, 05 due east, 09 due south, and 13 due 
west of the source which forms the center of the circle (Wood- 
well, 1963a}. Each sector is bisected by a sector radius. 
The forest is also divided into ring zones which are desig¬ 
nated distances from the radiation source. 
Source Description 
The summer of 1961 was designated as a control season; 
JUj., it was used for pre-Irradiation studies. Irradiation 
was initiated in November of 1961, and the source, a 9,500 
curie Cs-13? unit delivering gamma radiation, is in the irrad¬ 
iating position for 20 hours each day and in operation on a 
year round basis. For the remaining 4 hours each day the 
source is shielded, making work In the forest possible. The 
basic design and operation of the installation was described 
by Woodwell (1963a) (Fig. 1). 
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The dosimetry for the experimental forest is shown in 
Figure 2. Since the levels of exposure drop off rapidly, the 
changes in effects are fairly sharply delineated. The average 
exposure levels for the sweep-net collection points used are 
shown In Table 1* 
Table 1. 
distance Relationship in the Experimental Forest 
Distance from Source 
in Meters 
10 
20 
30 
40 
50 
6o 
?0 
80 
90 
130 
170 
210 
Average Exposure in 
r/20 Hour .Day 
650.00 
160.00 
63.00 
3i*oo 
18.00 
11.25 
7.50 
5*20 
3.70 
1.30 
• 55 
• 27 
Insect Sampling Techniques 
Sweep Sampling 
A technique for insect sampling was perfected in 1961 
and 1962 which is applicable to sampling the insects of a 
shrub layer in a relatively open forest. Sweep sampling was 
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carrled out with a standard American type net. The net bag, 
made of 22 mesh per Inch nylon weave, was 12 inches in diameter, 
28 inches deep, and attached to a 36 inch long handle. 
Sweep samples consisted of 50 sweeps of the net taken 
along two parallel lines at a right angle to the sector radius. 
A single sweep consisted of a 90 degree arc directly in front 
of the sweeper, and the sweeps alternated from right to left. 
Ho sweeps were taken over an arc containing less than 50$ 
shrub ground cover* The shrub layer was swept to a depth of 
about 8 inches, but no visible damage to the plants resulted. 
The method has been described more fully by Brower (1964). 
When 50 sweeps were completed, the insects were con¬ 
centrated in the bottom of the net. The net was then grasped 
above this concentration and the lower portion inserted into 
a killing Jar. After the insects were immobilized, they and 
the leaf Utter were transferred to a labeled container. In 
the laboratory the insects were separated from the debris 
and placed in labeled vials* Samples were taken at the meter 
distances from the source indicated In Table 1* In 1963 the 
30 meter sample was not taken at any time. 
These collections were made each week, as close to a 
7 day interwal as the source schedule and weather conditions 
would permit. Collections were made only on relatively clear 
warm days when the shrubs were dry* 
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Aphid Survey 
In June of 1963 an aphid population became evident on 
the white oaks In the irradiated forest# They were not dis¬ 
tributed at random» but appeared to be concentrated on radia¬ 
tion damaged trees# A survey was made to establish the pat¬ 
tern of distribution of this species in the experimental forest# 
*he density of quiescent insects, such as aphids, can 
sometimes be determined by direct counting of Individuals 
per unit of area. Oak leaves were used as the sampling units. 
Pen leaves per tree were selected at random, and the number 
of winged adult aphids (alatae) per leaf was counted. All 
white oak trees within several meters of four radii were 
surveyed, making a total of 200 trees# The average number 
of alatae per leaf for each tree was calculated, and from 
these figures a mean and its standard error of the number of 
alatae per leaf for each exposure level were obtained. 
Bark Beetle Survey 
A periodic survey was made in the experimental forest 
to determine when l£s bark beetles would attack a dying pitch 
pine, and the intensity of any infestation. This survey con¬ 
sisted of an examination of each radiation debilitated pine 
about once each month during the summers. In this way, the 
approximate date when each tree became infested was recorded. 
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and the Intensity of infestation on each survey date was 
estimated. Intensity of attack was estimated as none, light, 
medium, or heavy, depending on the number of holes per unit 
area of bark. A light attack was one which had less than two 
attack holes per square foot, medium had two to five holes, 
while a heavy attack had more than five holer per square foot* 
In this way, roughly concentric zones of heavy, medium, light, 
and no infestation were depicted each month. The number of 
new trees which were attacked and the number of trees which 
moved from a lower to a higher infestation category were det¬ 
ermined monthly. This survey showed not only position or 
distance of Ins density zones from the radiation source, but 
also the rate at which trees were attacked and moved up to 
the heavily Infested category. 
It was soon noticed that woodpecker predation took a 
heavy toll of the developing Igs broods. To obtain a measure 
of the impact of this predation on bark beetle populations, 
a classification of woodpecker predation severity was added 
to the Igs survey. Trees were ranked on a similar zero to 
three scale for woodpecker predation. The predation severity 
was classified according to the percentage of the lower bole 
which had bark removed or drilled by woodpeckers. 2ero had 
no detectable woodpecker activity, class one had up to 30$ 
ot the bark removed or drilled, two had between 30$ and 60% 
of the bark affected, and class three was over 60$. Thus, 
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from the two surveys the predation Impact was estimated and 
the lag period between Infestation and predation was measured. 
Pine 'Jark squares; To obtain a setter measure of deve¬ 
lopmental success than an estimation of Intensity of attack 
and woodpecker predation could give, bark samples were removed 
from each tree. In general, the pitch pines were relatively 
small, Is-.s „han 25cm dbh, and thin barked, making a rec¬ 
tangular bark sample most practical. Berk samples 10 by 20cm 
were ramo-ed from the side of the tree toward the source and 
from the wide away from the source. Bark squares were removed 
at a height of 1 meter abo^» the ground by the use of a 0.018 
Inch thlok mylar plastic template with a central 10 by 20cm 
area cat cut. This template was flexible, yet durable, and 
Its use Insured an exact sired sample which could be obtained 
quickly and easily each time. The template was secured to 
the tree by ties attaohed to each comer, and the bark square 
was then removed with the use of a 1.5 inch wide wood chisel 
aad a mallet. Figure 3 shows a tree with the template in 
place before removal of the bark square and Figure 4 the 
square removed. The percentage of the camblal surface utilized 
by the various families of subcortical beetles could then be 
estimated for each bark .square. Thin gave an accurate measure 
of radiation effect* on the Insects development along a gra¬ 
dient of decreasing dose rates. In addition, the difference 
In utilization between the unshielded and self-shielded sides 
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of the tree could be determined. 
Trap Lok Experiments 
Pitch pine trees were unevenly distributed In the 
irradiated forest and there were few near the source at high 
exposure levels* Since trees were dying in only a narrow 
zone at any given time* bark beetle populations were localized. 
Also# no control trees supporting bark beetle populations 
could be found, and an attempt to create some by girdling 
pines ended in trees still living and not attacked after two 
years time* A series of trap logs was used to avoid these 
limitations, 
Trap logs were 1 meter long pitch pine logs cut in the 
control forest and introduced at desired exposure levels into 
the irradiated forest. The logs were held vertically by 
aluminum stakes and wire, with one end resting on the ground. 
Thus logs maintained the same aspect to the source as did the 
standing trees making data more comparable. Three trap logs 
were introduced at each station in a row at right angles to 
the radius drawn from the source. In 1962 the series of trap 
logs was introduced at 8 different levels, while 11 different 
levels were used in 1963 and 1964 (Table 2.). 
After Xps development had been completed and any new 
brood had emerged, the logs were removed from the forest. 
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In the laboratory the number of Ids entrance and exit holes 
were counted for the shielded and exposed sides, and the bark 
was carefully removed from each side separately* los develop¬ 
mental success and the amount of eambial surface utilized by 
tne various families of subcortical beetles was recorded for 
each side* This gave a measure of radiation effects at var¬ 
ious distances and dose levels* 
Table 2* 
-Trap hog Sites and Exposure Levels 
Haters 
from 
Source 
.xposure 
Hates r/ 
20hr*Day 
Meters 
from 
Source 
Exposure 
Hate: r/ 
20hr* Day 
[eters 
from 
Source 
Exposure 
Hate: r/ 
20 hr* Day 
3.0 5,400 mm 
5.5 2,000 5.0 
8.0 1,000 7.5 
12.0 450 10.0 
l?.5 220 15-0 
- 
mm 20.0 
28.0 75 25.0 
mm 
•m 30.0 
38.0 35 40.0 
«■» mm 50.0 
** 
- 60.0 
130.0 
mm 
1.3 
mm 
130.0 
- 3.0 5.200 
2,300 5.25 2,000 
1,120 8.0 1,000 
650 12.0 500 
300 16.5 250 
160 mm 
95 24.5 100 
63 33.0 50 
31 44.0 25 
18 mm mm 
11.5 60.0 11 *5 
mm 86.0 4*3 
1.3 130.0 1.3 
Dosimetry of Trap Logs: To obtain Information on the 
actual exposure levels to which the developing Igs were sub¬ 
jected, a series of lithium fluoride dosimeters was used. 
The general method has been described by Johnson & Woodwell 
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(1963)• Lithium fluoride crystal© were finely ground and 
the powder sealed in 1 inch lengths of small plastic tubing. 
These small dosimeters were pinned, at mid-height to the ex¬ 
posed and shielded sides of eaoh log. The diameter of the 
log at the height of the dosimeters was recorded In each 
case. After various periods of time, depending upon the 
exposure level, the dosimeters were removed, read, and the 
accumulated dose was converted to r/20 hour day. 
EXPERIMENTAL RESULTS 
.of .Radiation on Plant Community Structure 
Changes In the vegetation of th© experimental forest 
induced, by chronic gamma radiation have been described (Wood- 
wellf 1963b? Rebuck & Woodwell, 1964; and Reiners9 1964). 
The effects of exposure of plants to radiation ranged from 
death, through varying degrees of growth inhibition, to more 
subtle effects on reproductive capacity* Under intense 
chronic irradiation sensitive species were killed, and some 
colonization by more resistant species is occurring. Peren¬ 
nial species are more sensitive to long term exposure because 
they accumulate damage over a period of several years. 
Figure 5« is an aerial view of the experimental forest after 
continuous irradiation for a period of about 33 months showing 
the area of tree kill. 
Differences in sensitivity to radiation among plant 
species produced a zonation of vegetation types, five zones 
being clearly distinguishable (Fig. 6): a zone of total kill 
of all higher plants; a sedge zone; a heath-shrub zone; an 
oak zone; and, at lower exposures, the oak-pine forest. The 
breaks are not sharply delineated because of the presence of 
radiation shadows” behind larger tree trunks whpre plants 
survive because of the attenuation of radiation by the wood 
of the trunks, The low shrub synusla had 50$ of its normal 
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leaf density at about 30r/day in both 1963 and 1964 {Pig. 7). 
This lack of change between the two years indicated that an 
equilibrium condition was .being approached by the shrub zone 
by 1964. The differential sensitivity of the two major canopy 
genera, oak and pine, are shown in Figure 6. The pine is much 
more radiosensitive than the oaks, and at certain exposure 
levels, died out leaving an oak forest. 
Insect Abundance on the Shrub Synusla 
The prominent insect species characteristic of the 
shrub synusla, and the changes in the Insect community fol¬ 
lowing 7-10 months of irradiation have been described by Bro¬ 
wer (1963, 1964). The work reported here is a continuation 
study after 19-22 and 31-34 months of continuous irradiation. 
The purpose of the follow-up study was to define more precisely 
che reasons for the observed changes in populations by deter¬ 
mining whether the same pattern was maintained in subsequent 
years. Factors which may have been operative the first summer, 
such as emigration from the affected area, were minimal in 
1964. This resulted from the nearly stable condition which 
had occurred in shrub-radiation interactions by 1964. 
Changes in the Insect community the first summer of 
irradiation, 1962, were extensive. The abundance of insects 
was greatly reduced near the radiation source. Omitting 
Psocoptera, the insect abundance at 650r/day was only 5% of 
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the normal# The abundance Increased rapidly with decrease 
in dose and attained a normal size for most species at I8r/ 
day. Near the source the leaf feeding species were absent? 
the insects present were funglvorous or forms with ample 
vagility to move in and out of the affected area. 
The abundance trends for most species were very similar 
to the one for total insects. This was especially true for 
herbivorous groups such as the Cicadellida© and Cercopidae 
and their parasites and predators. In many of the populations 
a slight increase in abundance above normal was noticed at 
collection points just below iSr/day. This could have been 
caused by a stimulatory effect of low levels of radiation or 
by the outward emigration of insects from the area near the 
source. Two groups, the Psocoptera and the Collembola, did 
not follow the general abundance trend. These populations 
reached a peak abundance near the source in the area of shrub 
mortality. Species diversity was also greatly reduced near 
the source. 
The above changes were intensified the following two 
summers. In 1963 total insect abundance was low at exposure 
levels above 60r/day (Pig. 8). This pattern Is very similar 
to that observed in 1962 except that abundance was decreased 
in a larger area near the source# In 1964, 17 collections 
were made instead of 18 as in 1963* but insect abundance was 
only slightly over half as great. This was probably due to 
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a lack of samples In May of 1964 when insect abundance is 
high, and an earlier, drier season which may have reduced in¬ 
sect numbers* The insect abundance gradient for 1964 showed 
a more gentle rise than in 1963 (Fig# 8}* Abundance was as 
great as in 1963 at levels higher than l60r/day because of 
the abundance of Psoeoptera at these points in 1964* At all 
lower exposure levels, abundance was much reduced over that 
of 1963. Abundance increased to apparently normal levels at 
?*5r/day, a considerably lower exposure than in 1963 (18r/day)* 
In 1964 the greatest abundance occurred furthest from the 
source (Pig* 8)* The numbers of all insect groups sampled 
for each location and sample point are given in Tables 3-12 
in Appendix I. 
In the above cases, as well as in all others, normal 
abundance was determined by the interpolation of a straight, 
horizontal line through the four or five points representing 
samples farthest from the source. This was felt to be a rea¬ 
sonable and accurate method since data from a control forest 
In 1962 (3rower, 1964) showed that little variation In Insect 
abundance would be expected along a 210 meter transect In an 
undisturbed forest. Also the low dose levels at these col¬ 
lection points and Inspection of the graphs indicated that 
there was little or no effect of radiation at these distances 
and abundance could be considered normal. Any marked depart¬ 
ures from this level line, suoh as the reductions near the 
source, were then considered to b» real changes and explana¬ 
tions for the® were sought* 
In 1963 insect abundance at 650r/day was only 9% of 
the average abundance considered normal, at exposure levels 
below I3r/day, while In 1964 it was 13$ of the normal abun¬ 
dance, that below ?*5r/day. Excluding the Fsocoptera, the 
insect abundance at all exposures in 1964 was about half of 
tnat in 19b3 (Fig* 9)• In this case, abundance at 650r/day 
was 3*7 and 2*3$ of the normal abundance in 1963 and 1964 
respectively* The insects comprising these low percentages 
were mostly strong-flying transitory visitors to the area 
of total plant kill* Sven though all living higher plants 
were eliminated from this area, insects were present* This 
was probably a result of both the mobility of the insects, 
and also their greater radioresistance* 
Sf .foots on Specific Insect Populations 
whangos ah insect populations of a single species or 
closely related groups depend on a great variety of inter¬ 
actions* reactions to changes in vegetation vary with the 
intimacy of association with the plants* The range of tol¬ 
erance of the species to the changed pitysical conditions, and 
species sensitivity to radiation may also play a part. Dif¬ 
ferent sensitivities of interacting populations such as pre¬ 
dator and prey might cause considerable abundance changes. 
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Host phytophagous Insect groups seemed to be affected 
to the greatest extent by changes In their food plants* Since 
plants differed in their sensitivity* the Insect populations 
reacted accordingly* Phytophagous populations such as Cioa- 
dellidae and Cercopidae had very low numbers near the source 
and built up to near normal at about the same exposure levels* 
The cere opid. Clastoptera proteus, was absent at levels 
greater than l60r/day and appeared reduced in abundance at 
levels greater than 4r/day in 1963 and 8r/day in 1964 (Pig. 
10)* Abundance was about half that in 1963* In contrast to 
1962, there was no apparent peak in 1963 and 1964* This 
would favor the hypothesis that the peak in 19o2 was due to 
emigration from the affected area* In 1963 and 1964 the en¬ 
largement in this area was small and so little emigration 
would take place. The cicadellld, Scaphytopius magdalenals* 
was also greatly reduced at levels greater than lOOr/day and 
appeared not to have a normal abundance until about the 5r/ 
day point (Pig* 11). In these respects it appeared to be 
slightly more sensitive than C. proteus in contrast to 1962 
when the opposite was true. Therefore the sensitivity of 
the two species is probably about the same* with unexplained 
changes in the populations dictating which will ba more abun¬ 
dant near the source in any given year. The abundance of 3* 
magdalenals was greater in 1964 than in 1963 in spite of the 
fact that insect abundance In general was only half as great 
in 1964* 
Populations of parasites and predators also showed a 
caau&e in abundance similar to trends of phytophagous insects# 
Ihe populations of the parasitic Xchneuraonidaet Braconidae, 
€-.nu othei parasitic groups were very low or absent at all 
exposure levels above 13r/day. In 1963 abundance appeared 
subnormal at levels above 1.3r/day (Figs. 12 & 13). A pre¬ 
daceous group# the Cleridae# appeared to be more resistant 
than the parasitic groups (Fig. 14). The trends for both 
years are very similar, and reduction is marked only at levels 
above 30r/day. Another predaceous group, the Araneida, seemed 
to be affected to some extent at very low exposure levels. 
The graph of abundance showed a gradual reduction from a high 
population level at .2?r/day to a low one at 650r/day (Fig. 
15)* Finally, the Pormicidae, a group with various food 
habits showed a sudden Increase with an abnormally high abun¬ 
dance at ?.5r/day in 1963. The population was reduced at a 
lower level in 1964 than in 1963 and showed no peak of abun¬ 
dance (Fig. 16). 
Parasitic and predaceous groups would be expected to 
react in accordance with changes in abundance of their prey. 
In general, they seemed to have the same population trends 
at about the same exposure levels as the phytophagous insects. 
Their populations were reduced at lower exposure levels than 
in 1962* Spider population abundanoe was greatest at the 
lowest exposure levels probably as a result of changed phy¬ 
sical and biological conditions around the source. 
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On© population of Insects# the Psocoptera, did not 
react as did other Insects* Instead of a dramatic reduction 
in abundance at the 6^0r/da.y point, the population remained 
either at or above the normal abundance (Fig. 17). In 19&3 
the greatest abundance occurred at 7.5r/day and was less than 
twice as high as the average. In 1964 the abundance was 
greatest at l60r/day where it was seven times greater than at 
levels below iSr/day* This latter pattern was very similar 
to the one obtained in 1962. The great abundance at l60r/day 
was in contrast to an absence of living shrub foliage* 
Several factors probably influenced the shape of the 
Y's 
abundance gradients of the Psocoptera. First, since this 
group is largely fungivorous, it might be expected that an 
increase in food availability could cause a build-up near the 
source. If true, the area of greatest abundance should have 
moved away from the source as the area of shrub kill expanded. 
This did not occur; Instead the greatest abundance in 1963 
was in an area of little or no shrub damage, while in 1964 
it occurred at l60r/day which is as close to the source as 
was the peak in 1962. Evidently, some factor other than food 
alone Is operative in causing the increased abundance often 
observed near the source. 
The possible absence of parasites and predators could 
be an important contributing factor, but one would have to 
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suppose the enemies to be more radiosensitive than the pso¬ 
coptera, The fact that psocoptera built up to such high 
levels at exposure rates of 650r/day to 63r/day suggests 
that they are relatively radioresistant, at least more so 
than most other insects in the habitat. If the life cycle 
is actually completed at exposure rates up to 650r/day as it 
appeared to be, this is Indeed a resistant insect. 
Tne Psocoptera underwent a population explosion type 
of phenomenon in 1964 which caused this single species com¬ 
plex to dominate, at least numerically, the insect community 
at high radiation levels. They were more abundant than all 
other insects combined at levels greater than lOOr/day. Even 
though no similar increase was noted in 1963, they dominated 
tne area receiving an exposure greater than l6or/day. 
The abundance gradient for another primitive group, 
the Sainthurldae, which is also fungivorous is shown in 
Figure 13. m 1962 there was a close resemblance between it 
and the one for Psocoptera; both increased near the source. 
Jowever, in 1963 and 1964 the greatest abundance was distant 
from the source, while at high radiation levels abundance 
was reduced to near zero. It now appears that the peak m 
abundance between 63 and 31r/day in 1962 may have been due 
to emigration from the area of higher exposure levels where 
abundance was minimal. This hypothesis was supported by the 
1963 data which showed the abundance greatly reduced at all 
levels higher than 6jx/day and a secondary peals: of abundance 
at 11 • $r/day (Pig* IB)* In 1964 abundance was greatly re¬ 
duced at all exposures greater than 31r/day with the greatest 
abundance occurring at exposure levels between 7*5 and 18r/day* 
Direct Had1atIon Effects 
It Is obvious that radiation should exert some direct 
effect upon Insect populations. This effect, being smaller 
than the vegetatlonally influenced changes, is masked and 
therefore, hard to determine exactly* Such an effect was 
indicated strongly by decreases in population abundance of 
insects near the radiation source which are funglvorous, such 
as Collembola and Psocoptera* 
Another strong indication of direct effect was noticed 
on the two most abundant herbivorous populations which both 
showed a definite seasonal cycle. The peak seasonal abun¬ 
dance for the Spaphytopius magdalensls and Clastoptera proteua 
populations was delayed near the source* The correlation 
between delay in peak abundance and numbers for the total 
summer population for any given radiation level was remark¬ 
able. in 1962 both populations showed a delay of 18 days 
for areas nearest the source* C. proteus again showed delays 
in peak abundance at high radiation levels in 1963 and 1964. 
The delay was 32 and 18 days respectively (Table 4 in Appen- 
<3ix I#)* ^he abundance of S. magdalensls also Indicated a 
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developmental delay in 1963 and 1964 but not as clearly as 
before, since abundance was much lower. However, for the 
first generation a delay of ? and 22 days was indicated for 
1963 and 1964 respectively (Table 5 in Appendix X.). 
Fluctuations in an Adhid Population 
.  ■**■'*■* 1  —  ————  -£l  it t~ —n rir"~'~rimi- m T-nnrn m . .1. n 
Populations of insects in an area exposed to chronic 
ionizing radiation change for several reasons. The specific 
causes of large scale fluctuations in aphid populations have 
only been hinted at in the literature. The fact that these 
populations can build up In response to radiation Induced 
changes in their host plants may be helpful in elucidating 
possible causes of such phenomena. 
Early in June of 1963 a few individuals of a species 
of aphid, Myzocallt3 discolor Monell, were observed on the 
white oaks in the experimental forest. By the third week in 
June this species had become very abundant in certain areas 
of the forest. In order to determine the pattern of this 
distribution a survey of alate aphid density was made. Many 
counts were made between June 19 and June 22of the number of 
alatae on the leaves of white oaks. Figure 19 shows the mean 
number of winged adults per leaf. The data showed that a 
population explosion had occurred on oak trees stressed by 
irradiation. Alate aphids were over 250 times more abundant 
in the area receiving 9*5r/&ay than at all points receiving 
less than 4r/&ay. In fact, in control stands of forest ex¬ 
amined, this species of aphid was so rare that it could not 
be found* Aphids were present at all radiation levels higher 
than 2r/day where oak leaves persisted (Table 13, Appendix II.) 
Perhaps a small part of this greater abundance could 
have been due to a concentration of aphids on remaining leaves, 
since canopy development was reduced at radiation levels 
greater than 9r/day. This could have played only a minor 
part, however, since reduction at 9*5^/day in the canopy was 
only 40$ while alate aphid populations were 250 times normal* 
This could have accounted for more of the increase at radia¬ 
tion levels above 15r/day where canopy reduction was about 
In either case, this concentration effect could not 
have been the sole cause of the Increase in aphid density. 
The density of the alatae for any portion of the forest, 
and the total number of these aphids were calculated (Table 
14, Appendix II.). This was made possible by using precise 
data on the number of white oaks In each 2 meter wide ring 
of the forest, the condition of the white oaks in each zone 
after irradiation, the number of leaves normally present on 
each tree of the sizes involved, and thus the number of white 
oak leaves actually present In each ring zone (Bebuck & Wood- 
well, unpublished). From the aphid survey data and the above 
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figures, the number of alatae per zone and the aphid density 
along the radiation gradient were calculated (Table 14, Appen¬ 
dix IX*)• The absolute density of the alatae on a square 
meter basis along the radiation gradient is shown in Figure 
20* A figure of 350,000 aphids per square meter of forest 
floor area was attained at an exposure level of 9*Or/day* A 
sum oi 10*5 million alate aphids was calculated for an area 
of the forest just under 6 acres* This sum excluded small 
numbers of alatae close to the source where they were not 
inventoried, and those further away than 100 meters where the 
necessory tree data were not available. Also excluded, were 
the numbers of alate migrants on trunks, other tree species, 
the low shrubs, and the ground, none of the above figures 
include values for aphid nymphs which were often so numerous 
that counts would have been inaccurate and very time consum¬ 
ing. At the time the counts were made nymphs appeared to be 
from 10-100 times more abundant per leaf than winged adults. 
The aphid population continued to Increase, and Figure 
21 shows representative leaves from seven radiation levels 
on July 2. Again, the greatest density of aphids occurred 
&t 9*5**/day, but the abundance was much greater than before 
except at low exposure levels. 
For further evidence that the aphid build-up in the 
experimental forest was in Some way linked to radiation 
effects, a check of oaks around several clearings in similar 
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forests was uia.de on July 3* Ho evidence of this aphid was 
found on white oaks surrounding any other woods clearing or 
field-woods border except one. The single exception, was a 
field-woods border of an Irradiated area about 70 meters 
from a similar gamma emitting source, in this case Co-60# 
This source has been in operation since 19^9, and white oaks 
at distances greater than 70 meters were showing pronounced 
radiation elfects# Those between ?2m and 85m were most seve¬ 
rely affected, but were not yet dead* This was at an exposure 
level between 15r and lOr/day with trees further away recei¬ 
ving lower exposures. The oaks receiving the higher dosages 
and showing evident radiation effects supported an abnormally 
high aphid population# The density was less than that in 
the primary experimental forest and was highest on trees near¬ 
est the source, decreasing with decrease in exposure level# 
By July 19 the aphid population in the experimental 
aorest was greatly diminished# Host of the nymt^hs had trans¬ 
formed to winged adults and these had evidently migrated. 
The population declined steadily and rapidly from this time 
to complete absence# At this time a marked abundance of 
aphid predators, especially Cocclnellidae was observed. 
Several species of coeclnelllds were present, and averaged 
collectively about one for every three leaves examined at 
levels higher than 7**/day# Chrysopid larvae were common, 
and averaged about one for ©very 10 leaves, while syrphld 
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larva© and. ch&lcidoid parasites appeared more abundant 'than 
usual. Most of the population reduction was evidently due 
to dispersal of the alatae rather than to predation. 
This dispersal activity influenced th© insect compo¬ 
sition of th© shrub layer of the forest. The immigration of 
aphids from outside this layer led to an insect composition 
bias for some points in the shrub sampling. Aphids were 
most conspicuous on the shrubs near the stressed oak zone 
and the numbers declined both toward and away from the source 
(Fig* 22). The shaded area on the graph Illustrates this 
relationship, showing how influx from one area or layer may 
Influence the insect composition and pyramid of numbers 
structure of the insect community In another area or community 
layer. 
The specific physiological changes in the host plant 
associated with the tremendous population increase are not 
known. The large body of literature on aphid nutrition re¬ 
viewed earlier does provide a good hypothesis for this react¬ 
ion. Aphids have been shown to Increase faster on rapidly 
growing and senescing leaves than on mature leaves. This 
might be due to the greater availibility of soluble amino 
acids and possibly other substances which are in high concen¬ 
tration because of mobilization for transport both in growing 
and senescing plant organs. Radiation damage appears to have 
man^ same effects as senescence on leaves. Thus, the 
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plans may also be withdrawing materials from these leaves. 
This represents a probable explanation for the remarkable 
population increases at radiation levels between 4r and 15r/day. 
Oak Leaf Analysis 
HI WIWTi III     W 
Sets of oak leaves from several points along the radia¬ 
tion gradient were analysed in an attempt to determine the 
specific cause or causes of the aphid Increase, This was 
done since the aphid population probably responded to changes 
in host physiology brought about by radiation. The analyses 
were done by a commercial firm, Food and Drug Research Lab, 
A trial run was made on July 1?, 1963 when leaves were 
collected from the 9•4y/day level where aphids had been most 
abundant and from an uninfested control area, Water content 
in the two samples was similar. Sugar content was 20% higher 
in the irradiated sample than In the control, but this may 
have been due entirely to deposits of dried honeydew on the 
■ 
surfaces of the leaves. Total protein, as Indicated by nitro¬ 
gen content, and total lipids were both lower in irradiated 
leaves, 25 and 1$% respectively. These lower levels may have 
resulted from the feeding activities of the aphids (Table 15, 
Appendix II,). 
On Augest 20, 19&3 white oak leaves were collected 
from six exposure levels and analysed as above (Table 15, 
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Appendix XI.}. These results showed no significant differen¬ 
ces along the radiation gradient. Thus, at this time it is 
still not possible to state what physiological factors caused 
the aphid population to undergo such a remarkable Increase in 
abundance. 
iiluotuations in Xps Populations 
Hate of Infestation 
Trees that are debilitated or killed by radiation are 
likely to be attacked by agents such as bark beetles which 
prefer weakened hosts. The radiation source was put into 
operation In November of 1961, and pine trees close to the 
source were dead or dying by the spring of 1962. These trees 
were then attacked by species of Igs bark beetles and other 
rfoodborlng families. A monthly survey to determine the rate 
at which this infestation progressed outward and its severity 
WSS lnltlated on July 11» 1962, and rerun about once a month 
during the subsequent summers. Each tree was categorized as 
to no, light, medium, or heavy infestation at each survey. 
Two species of Scolytidae whioh are engravers occurred 
in the affected pitch pines. In trees smaller than 12om dbh. 
only l£s grandlcoll1s was found. In trees between 12cm and 
5cm doh. both _I. grand lc oil la and X, oalllgranhus were found, 
with the latter predominant only in the basal portion of the 
larger trees. In trees over 25cm dbh. I* calllgraphus was 
almost exclusively occupying the trunk section of the tree. 
The top and limbs of all trees were infested solely by I. 
grandloollls. 
As each season progressed pine trees further away from 
the source of radiation were severely damaged, and became 
Infested by Ips and other xylophagous insects. Thus, the 
area of trees which had been heavily Infested continued to 
increase, while zones of medium and light infestation precee~ 
ded the advancing periphery of this area. Figure 23 shows 
the advance of the areas of Ips infestation; the horizontal 
line indicates the extent of trees which have been heavily 
infested. The area falling into the heavy category increased 
rapidly at first, and then more and more slowly. This was 
a function of the rate at which pine trees were killed by the 
radiation. Also the concentric zones of new light, medium, 
and heavy infestation became narrower with time. Because 
of variations in the time of tree death due to shielding and 
other factors, the median point for each category was used in 
drawing the sloping lines (Fig. 23? and Table 16, Appendix III.) 
Figure 24 shows an alternate way of plotting the data. 
This shows the number of recently Infested trees In the light, 
medium, and heavy classifications, and the total accumulated 
number of trees which were heavily infested. An average 
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number of 12 trees per month of “active Ips attack time” 
became heavily infested over the entire study period as in¬ 
dicated by the steady increase in the number of heavily infes¬ 
ted trees (Pig* 24). 
It is known that woodpecker predation can be a major 
factor in reduction of potential bark beetle numbers (Hutchin¬ 
son, 1951$ and Knight, 1953). A clear Indication of this was 
obtained in the irradiated forest* In general, most wood¬ 
pecker predation followed soon after heavy bark beetle infes¬ 
tation* The total number of trees in each predation category 
on each survey date is shown in Figure 25* Trees reaching 
the heavy predation category remained there and so the total 
number accumulated, while those In the lower categories 
might remain there or progress to a higher category* The 
graph shows that nearly equal numbers of trees fell into 
each predation classification at the time of the final survey* 
Figures 24 and 25 also show that almost 150 trees become 
heavily infested by bark beetles and that about 150 trees 
were at least partially debarked by woodpecker activity. 
Developmental Success 
Pitch pine trees killed by gamma radiation were heavily 
attacked by Ips bark beetles at very high exposure levels. 
It was expected that the beetles would be killed or that deve¬ 
lopmental success would be minimal at these high radiation 
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levels* To study the direct effects of radiation on the Ips 
themselves and possible benefits to the beetles from shielding 
by the tree trunks, bark squares were removed as previously 
described. In this way the actual consequences of radiation 
on natural beetle populations were studied. 
Radiation exerted an important influence on Ips popu¬ 
lation dynamics. Several distinct zones of effect were dis¬ 
tinguished, the effect depending upon the Intensity of radia¬ 
tion. First, although adult Ips attacked trees and excavated 
normal or near normal galleries at high radiation levels, 
they were often killed before they could construct egg niches 
or lay eggs. The dead beetles were found in the partially 
constructed galleries. Second, when egg niches were constru¬ 
cted and eggs presumably laid, there was no egg hatch. In 
this case it can probably be assumed that lethality occurred 
in the developing embryo rather than sterilization of the 
adult beetles, although both could happen. Third, when the 
eggs hatched, there was very little larval development and 
complete larval mortality. Fourth, at lower exposures only 
low larval mortality but complete pupal mortality occurred. 
Fifth, a zone of some pupal mortality and some adult ©mergence 
occurred. Sixth, adult emergence was as high as or in some 
cases higher than normal. Figures 26 and 2? show pictorlally 
some of the above described zones of effect for small and 
medium sized trees respectively. 
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Another important consideration which influenced Ips 
developmental success and modified radiation effects upon it 
was shielding or attenuation of radiation by the wood of tree 
trunks* Thus, the amount of shielding depended upon the 
thickness of the trunk or tree diameter and aspect relative 
to the radiation souroe. This was important enough that the 
data has been separated for small trees (under 12cm dbh*) and 
medium sized trees (12-25cm dbh*)* The difference in develop¬ 
mental success on the exposed side of the tree and on the 
shielded side at definite distances from the source is shown 
by Figures 28-30 for medium sized trees where shielding was 
maximal, and by Figures 31 and 32 for small trees where 
shielding was less Important (Tables 1? end 18, Appendix III*)* 
This data is recast in Figure 33 to show Ips develop¬ 
mental success expressed as a per cent of the camhi&l surface 
utilized (Table 19, Appendix III*)* The differences between 
small and medium trees, the exposed and shielded sides ax 
trees, and the different exposure levels are apparent. The 
shielding effect was greatest near the source and much more 
pronounced in the medium sized trees. At low dose levels 
shielding was no longer an important factor. 
In small trees developmental success increased as dose 
decreased until a high point was reached, after which there 
appeared to be an appreciable decline* This peak was possibly 
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a result of decreased intra- or interspecific competition by 
partial or differential radiation Induced mortality respec¬ 
tively. In medium sized trees Ips developmental success in¬ 
creased on the exposed side as dose decreased* However, on 
the shielded side, developmental success actually seemed to 
decrease with decreasing dose* This appeared to be caused by 
an Increase in interspeclfic competition of Ips with the more 
radiosensitive Suprestidae and Cerambycldae. 
Even though cambial utilization by Ips did not always 
increase with decreasing dose, in general, the total utili¬ 
zation by all insects increased (Fig* 3^)* This figure also 
shows the difference between shielded and exposed sides of 
the tree. Differences between small and medium trees were 
less apparent than with Ips alone except for the greater 
development at high exposures on the shielded sides of medium 
trees* Since utilization by all Insects increased as dose 
decreased, the reduction in Ips utilization appeared to be 
due to interspecific competition* 
Trap Log Experiments 
Trap logs were used to obtain Ips populations at high 
dose levels, where suitable trees were lacking for the beetles 
to utilize. The logs allowed replication at specific dose 
levels under near natural conditions. This was important 
since suitable pine trees were scarce or absent at levels 
-54- 
greater than 500r/&ay. The loss permitted Ips populations 
at many dose levels simultaneously and under similar envi¬ 
ronmental conditions rather than in only a narrow zone as 
in the standing trees. 
Trap Logs 1962: In 1962 trap logs were cut in June 
and immediately introduced into the forest at eight differ¬ 
ent distances from the source (Table 2, page 30). It appeared 
that the logs became physiologically suitable for Ips attack 
slowly, and that beetle development was slower than normal. 
The per cent of cambiel surface utilized was subnormal, only 
reaching about 60$. Since development was slower than normal, 
the various developmental stages accumulated a greater total 
exposure and were killed in younger stages than in the fol¬ 
lowing years. 
A population exposed to chronic Irradiation is sub¬ 
jected throughout its life cyole to the detrimental effects 
of radiation. Some insects occupy more protected niches 
than others, and xylophagous forms are among the latter. 
Still, at high levels of radiation, there was complete mortality. 
Adult Ips attacking logs at levels of 2,000 and 5,400r/ 
day were killed before normal adult galleries could be con¬ 
structed, and no egg niches were excavated. In logs at 1,000 
r/day adult galleries were normal, egg niches excavated, eggs 
presumably laid, but none hatched as evidenced by an absenoe 
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of larval feeding activity. Any eggs which were laid were 
either infertile, or more likely, were killed during embry¬ 
onic development by accumulated radiation damage. At 450r/ 
day most eggs hatched, but the resulting larval galleries 
were short. All the larvae were killed before much develop¬ 
ment could take place. At 220r/day there was considerably 
more larval development, but only a few larva matured, and 
these died later as pupae. At 75 and 35r/day larval develop¬ 
ment was apparently normal and successful, but some pupal 
mortality occurred. No logs were exposed at lower dose levels 
but presumably adult emergence would have been normal if 
normal attack had ocourred. The control logs at 1.3r/day 
were not attacked and so remained at zero utilization. This 
probably resulted from the suboptimal condition of the logs 
and the lack of Ips population pressure away from the cen¬ 
tral infested area of the forest. This information is sum¬ 
marized in Figure 35 which shows the percent of cambial sur¬ 
face utilized at each dose rate (Table 20 & 21, Appendix III.). 
The lines for the sides toward and away from the source showed 
little difference in 1962. Possibly the slower development 
than normal under the suboptimal conditions in the logs may 
account for this. 
Trap Logs 1963: In 1963 trap logs were cut on June 22 
and exposed horizontally to the direct rays of the sun for 
about 2 weeks. The logs were rotated every day or two so 
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that all sides were about equally heat treated. This was done 
to hasten the death of the cambium and reduce the amount of 
pitch flow. It was hoped that this would make the logs more 
slutable for beetle attack and development. These treated 
logs were introduced into the experimental forest on July 5 
at 11 different dose levels (Table 2, page 30), four logs to 
a station. On July 27 one leg was removed fro® each station 
for preliminary analysis of Igs developmental rate and success. 
The remaining three logs per station were removed on August 
15 and subsequently analyzed. 
This season attack was apparent soon after the logs 
were Introduced into the forest, and developmental rate was 
rapid. The life cycle from first attack to new adults was 
completed in 3 weeks. This very rapid development reduced 
the accumulated dosage for the various stages at any given 
station below that of 1962, which resulted in less accumulated 
damage and more development completed. Figure 36 shows the 
developmental success of the larvae as measured by utiliza¬ 
tion of the camblal surface (Tables 22 & 23* Appendix III*). 
Especially striking was the rapid Increase in the percen¬ 
tage of camblal surface utilized from a low of about 9% e.t 
2,300r/day to about 80$ at 300r/day. Utilization fluctuated 
around this 80$ level for all dosages lower than 300r/day. 
t 
There was a pronounced difference between utilization 
of the cambium on the exposed and shielded sides at certain 
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distances from the source (Fig* 36)* At high levels, above 
l,00Qr/day, both the shielded and exposed sides received doses 
of radiation high enough to Inhibit all larval development* 
The greatest difference between utilization on exposed and 
shielded sides was obtained around 650r/day and amounted to 
as much as 30$. Here the dose level on the exposed side of 
the log was too great to permit much development while on the 
shielded side it was reduced enough to permit a major portion 
of the development to be completed. At dose levels lower 
than 300r/day both shielded and exposed sides of the logs 
had dose levels permitting development to proceed to comple¬ 
tion. 
Host of the variation in the per cent of the camblal 
surface utilized by Ips at levels below 3®^/day appeared to 
be due to interspeclfic competition of Ips with buprestid 
and cerambycid borers. The total per cent utilized by all 
insects at levels below JQOv/d&y approached 100$ (Fig. 36). 
The more sensitive buprestids and cerambycids were not pre¬ 
sent in any logs at exposures higher than 390z*/day. 
Trap Logs 1964s In 1964 trap logs were cut on June 
20 and sun treated until June 29 when they were Introduced 
into the experimental forest at 11 stations (Table 2, page 
30). The rate and severity of attack for each log was es¬ 
timated by counting the number of beetle holes weekly on the 
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shielded and exposed sides for a one month period (Table 24, 
Appendix III*}* The initial Intensity of attack appeared to 
be similar at all stations* The number of holes continued 
to increase in logs at all but the high dose levels* These 
new holes were probably not due to recurrent attacks but to 
new Ventilation” holes made by the beetles already in the 
logs* Th© adults in the logs at high dose levels sustained 
considerable mortality and so fewer ventilation holes were 
constructed* The logs were removed on August 15 and subse¬ 
quently analyzed* The number of holes per log was again 
reoorded (Table 24), and this gave some measure of adult 
emergence from the numbers of new adult emergence holes. 
This figure would be low since more than one beetle may use 
th© same exit hole. 
The trap log data for 1964 was in most respects very 
similar to that obtained in 1963 (Fig* 3? & Tables 25 & 26, 
Appendix III.)* One station at a higher dose level was used 
so the low utilization shown In the graph extends closer to 
the source. Development of th© Ips was again very rapid so 
that at environmental levels as high as l,000r/day it was 43$ 
on the shielded side of the log. At 500r/day there was 55$ 
and of the camblal surface utilized for exposed and 
shielded sides respectively. Utilization by Ips for all 
lower levels was about 75$* The m&^jor differences between 
shielded and exposed sides occurred between 1,000 and 250r/day. 
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There was no utilization by other insects until the 555**/day 
for shielded and the 250r/day station (not shown) for the 
exposed sides (Fig. 37)* Total utilization for all dose 
levels below lOOr/day was near 90$. 
Lithium fluoride dosimeters were placed at mid-height 
on the exposed and shielded sides of all trap logs. The 
results are shown in graphic and tabular form (Fig. 38 and 
Table 27, Appendix III.). The graph shows that the exposure 
level decreased with distance, and more important the differ¬ 
ence between the exposed and shielded sides of the logs. The 
greater attenuation of the radiation by large logs over that 
of small logs is also illustrated. In general it appeared 
that logs of about 10~15©m in diameter reduced the radiation 
level by about on© half. 
The dosimetry data made it possible to represent Ips 
developmental success against exposure close to the dose 
received by the insects, rather than Just general environ¬ 
mental levels (Fig. 39). In plotting the data in this way, 
a correction for shielding was entered and there should be 
little difference between the lines representing shielded and 
exposed sides of the logs. For the same exposure level there 
was slightly more utilization on the exposed side than on 
the shielded side which seems to be contradictory to what 
would be expected. At 750r/day on the shielded there was 
only 6.5$ cambial utilization, and only 5$ on the exposed 
side (l,640r/day}. However at the same dose level on the 
exposed side where utilization was 14$, the opposite shielded 
side (390r/day) had 43$ cambial utilization (Fig. 39 & Table 
27, Appendix III,)* Therefore, some larvae starting develop¬ 
ment on the shielded side worked around to the exposed side 
and thus increased utilization there before they were killed. 
Another factor which also could have been operative In 
producing th© discrepancy observed, toas in the dosimetry. 
On the whole exposed side of the log the dose was decreased 
by only the thickness of the bark. On the shielded side, 
however, dosimeters were placed so that the dose received 
passed through th© greatest thickness of wood. The average 
dose on the shielded side was actually higher since over most 
of the area less wood Intervened. This could easily cause a 
merging of the lines if the proper dose correction factor 
was known. 
Some aspects of radiation effects on the Xps life 
cycle are illustrated plctorially by Figures 40-49. The 
dose rate for all of these effects is given in the surface 
exposure as obtained from the dosimetry data. The increas¬ 
ing developmental success with decreasing dose level is 
shown for the exposed sides of the logs (Fig. 40). Short, 
atypical galleries were produced by beetles at 2,520r/day 
before th© adults were killed.(Fig. 4l). A dead beetle in 
its gallery Is indicated by the arrow. At ??0r/day the eggs 
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hatched, and the larva© started their galleries before they 
were killed by accumulated exposure (Fig. 42). At l80r/day 
developmental success was above normal since enough room 
was available so that there a minimum of intraspeclfic com¬ 
petition (Fig. 43). At 80r/day conditions were more crowded 
and so a considerable amount of intraspecific competition 
resulted (Fig. 44). 
The amount of Ips activity and development on the 
exposed and. shielded sides of the log varied with the ex¬ 
posure levels, the greatest difference occurring at inter¬ 
mediate exposures. At high exposures there was little differ¬ 
ence between the two sides, since lethal doses were aocumul- 
at©d on both sides (Figs. 45 46). At greater distances 
the exposed side received lethal exposures, while the shielded 
side did. not. This was reflected in the amount of Ips deve¬ 
lopment (Figs. 47 & 48). Still further away where both sides 
received sublethal exposures, development was similar on both 
sides, and there was an Increase in interspeciflc competition 
(Fig. 49). 
Behavioral Changes of an Ant Colony 
In 1961 an active colony of Formica Integra Nyl. was 
observed at the base of a burned pine stump about 1 meter tall. 
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The snag was 18 meters dun east of the then future site for 
the radiation source (Pig. 50). The colony appeared normal 
and the characteristic behavior of this speoles, as described 
by Wheeler (1910), was well developed. The pine snag was 
irregular with all cracks and crevices filled with small bits 
of accumulated vegetable detritus and with a considerable 
mfcund of this debris around the base of the stump (Fig. 515• 
The workers were busy dally bringing more debris to bank the 
nest and fill cracks In the snag. Wheeler (1910) that this 
species also constructs sunken runways across openings, and 
In this study these were observed Initially only where prin¬ 
cipal travelways crossed the bare ground of open paths. 
In 1962 this colony of ants was again observed to be 
active although now exposed to 200r/day of gamma radiation. 
Throughout the first half of the summer of 1962 after rad¬ 
iation damage was well developed In the plant community, the 
ant colony remained normal in appearance and behavior. 
Workers continued to bring both plant debris and Insect food 
to the nest, although the latter appeared to be reduced In 
amount. On Augest 21, however. It was noticed that the colony 
was apparently in the process of establishing a secondary 
colony. The line of march was north end tangential to the 
circle of radiation damage and was lost among the forest 
floor litter at about 60 meters from the radiation source. 
The new colony, if one was established, was not found but It 
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appeared not to have any Intercourse with the original colony 
which maintained Itself, 
Late in August the colony, though now depleted, was 
still relatively active. The apparently normal behavior 
patterns were still observed although fewer ants were seen 
on the stump itself* During September surface activity less¬ 
ened around the nest and it appeared that the colony was 
dying out. 
In the spring of 1963, however, the colony was active 
with many ants foraging* The nest now had short sunken 
runways radiating in several directions* These runways had 
sections which were either open or roofed with plant debris, 
the longest of which was about 1 meter long* Throughout 
June the colony appeared as active as when first observed 
in 1961, but lacked ants working on the snag* During the 
remainder of the summer an apparent decline in numbers and 
activity was noted and it again appeared that the colony 
might die out* The characteristic of banking the colony 
with debris seemed to have been abandoned completely during 
this time* Ants were still seen In September but not 
commonly* 
Early in June of 1964 the colony was fairly active 
but lacked the large numbers associated with a healthy 
colony. The habit of bringing debris to the colony was 
lacking and ants were never observed up on the pine snag. 
On July 1 the colony seemed to have gained In numbers, 
but the ants* behavior seemed unusual. A runway had been 
constructed which, upon careful measurement, was found to 
be 12.5 meters long. This extended from the base of the 
stump outward at an angle away from the source. This runway 
was lost at 29 meters from the radiation source and a care¬ 
ful search failed to reveal any subsidiary colony. At 29 
meters, the exposure level was only 66r/day or about one- 
third of that at the nest. Thus, the radiation level was at 
least 133r/day lower than at the nest Itself. Furthermore, 
the runway was excavated below the surface oi the so-l and 
was oovered by litter for almost its entire length. There¬ 
fore, the level of radiation was lower in this runway than 
at the surface of the litter layer# 
The ants used this runway exclusively in travel to 
and from the nest. Even after diligent search around the 
nest no ants were observed away from this trail. If distur¬ 
bed while on the trail the ants invariably tried to hide 
under a roofed-over section. A few ants were removed from 
the trail and placed nearby and these either hid in the 
litter or returned directly to the trail. 
During August and the early part of September the ants 
continued this mode of activity. Activity again declined to 
some extent but not as noticeably as in previous years. The 
ants were constantly cleaning and caring for the runway but 
no new ones were started during this time. 
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DISCUSSION 
Insect populations of the low shrub synusla have shown, 
In general, a similar abundance trend during the three years 
of irradiation. The area of depletion or reduced abundance 
has continued to increase for most species* A notable excep¬ 
tion was the Psocoptera, a fungivorous group, which were most 
abundant at high radiation levels* In 1962 most insect pop¬ 
ulations showed a peak abundance at a point where outwarc* em¬ 
igration was the most likely causal factor* At that time it 
was predicted that these peaks would be reduced or eliminated 
in successive years if they were caused by emigration* rather 
than greater favorabllity of radiation damaged plants for 
food* In both 1963 and 1964 the above tendency to peak was 
greatly reduced or not observed in most of the populations 
which favored the hypothesis of emigration as a causal fact¬ 
or in X962* 
The supposition that radiation deDilitated planws 
might be particularly favorable for some insects was strong¬ 
ly substantiated for one Insect species* The aphid, ^zoqellVs 
discolor, showed a peak abundance on radiation damaged white 
oak leaves where It increased to outbreak proportions in a 
concentric zone around the source* It was postulated that 
this remarkable Increase was the result of a more favorable 
nutritional condition of the host, probably an increased 
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content of soluble amino acids. 
Xps bark beetles provided a unique opportunity to study 
the actual effects of radiation on the population dynamics of 
a species. This was possible because of three major factors; 
-r* 
these beetles attacked trees at very high radiation levels, 
experimental populations could be introduced at any desired 
radiation level, and the developmental progress or success of 
the individuals at any exposure level could be determined by 
examination of the bark-wood Interface. It is assumed that 
Tps have no avoidance reaction because adults attempted to 
establish broods at exposure levels where they could not 
survive. At lethal exposures the adults colonising, in¬ 
stead of contributing offspring to the next generation, 
only served to reduce the effective size of the present gen¬ 
eration* 
A colony of ants in the area of higher plant kill 
persisted throughout the entire period of irradiation* Sub¬ 
terranean ants occupy a protected niche because of the shield¬ 
ing effect of the soil. Still, they are exposed while on the 
surface. Ants are reported to show a radiation avoidance 
response in the laboratory by Hug (Brinkman, 1962). ^he 
ants of the field colony also appeared to show radiation 
avoidance behavioral changes* They abandoned the character¬ 
istic habit of working on the exposed nest stub and they 
constructed a 12*5 meter sunken runway leading away from the 
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source which they used exclusively for travel to and from 
the nest* This runway led to an area of much lower radiation 
exoosure but also to an area of more abundant food supply* 
Thus the runway made it easier to obtain food and return to 
the nest with it* Thus, its construction could have resulted 
from a radiation avoidance response, an easier pathway to the 
food supply, or even to avoid the increased levels of solar 
radiation* 
The general pattern of changes which take place In 
an insect community exposed to a point source of gamma rad¬ 
iation are now apparent* Since higher plants are more sen¬ 
sitive than Insects, most changes in insect populations are 
the result of radiation Induced vegetations! changes* Re¬ 
actions to these changes varied with the intimacy of assoc¬ 
iation* The range of tolerance to the changed physical con¬ 
ditions and species sensitivity to radiation also played a 
part* 
Phytophagous insects were mostly absent from the area 
of plant kill. Parasites and predators of these insects were 
mostly absent from the area of plant kill* Parasites and 
predators of these insects were likewise absent. Sapropha- 
gous and fungivorous populations increased in abundance in 
the area of plant death and active decomposition. Large, 
strong flying insects appeared as transitory visitors in 
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the area of plant kill. Thus, species diversity was reduced 
near the source and the insect community there was usually 
dominated by only a few species (Fig. 52). 
Xylophagous insects, especially those favoring dying 
hosts, increased near the source at first and then further 
out as trees continued to die. At high radiation levels 
100$ mortality occurred and thus, the population was unsuc¬ 
cessful in maintaining itself in this area. In interspecific 
competition, radiation tended to favor the faster developing 
and the more radioresistant species. Insects which preferred 
weakened or stressed, but still living trees, also increased 
in the appropriate concentric zones of effect. Their para¬ 
sites and predators increased in response to the increased 
host density. At a distance where the plant community showed 
no apparent effect of radiation, the insect community seemed 
to be normal (Fig. 52). Occasional populations which occupy 
protected niches may also persist because of behavioral 
features which limit their radiation exposure. 
Insect populations are thus divided into two groups 
on the basis of their food requirements; one whose abundance 
declines In an area of moderately high radiation intensity, 
and the other oomposed of populations which may increase in 
the Irradiated area. The first group could be called "eco¬ 
logically sensitive" and is composed of herbivorous species 
and their parasites and predators. The second group is 
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ecologically resistant** and is composed of Insects which are 
fungivorous, xylophagous, and sapropha&ous, and their para¬ 
sites and predators. This division does not follow trophic 
levels, but Instead, bisects the food web of the community. 
This relationship is illustrated by Figure 53 which shows a 
trophic pyramid and its component parts. Along the baseline 
are given the food sources for the community components listed 
above them. The resistant portion is shown on the left side 
while the sensitive portion, which is eliminated directly or 
indirectly by radiation effects, is shown in the rlghthand 
portion. 
The delicate balance maintained in community inter¬ 
relationships may be upset by low levels of radiation. The 
primary producers in terrestrial ecosystems, being relatively 
radiosensitive, could be debilitated by very small amounts of 
radiation and thus, predisposed to insect attack. Insects 
in general are more resistant, and if unusually large amounts 
of suitable food become available, populations could increase 
to outbreak proportions. 
Before environmental levels of radiation are raised 
appreciably the short and long term effects of low levels of 
chronic radiation on communities and ecosystems should be 
studied extensively* This study has attempted to elucidate 
some of the short term effects of such radiation stress on a 
natural community, with emphasis on the insect component. 
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CONCLUSIONS 
Populations of insects characteristic of the shrub 
synusia were greatly modified in the area of high radiation 
intensity* The plants characteristic of the shrub synusia 
were fairly radiosensitive and therefore, eliminated near 
the source. The phytophagous insects which depended on 
these green plants for food disappeared along with their 
parasites and predators. Some insect populations which used 
dead plant material and fungi for food increased In the area 
of plant Sell! even at high exposure levels. This was due to 
a more abundant food supply and to the insects greater radio¬ 
resistance. 
A population of aphids increased greatly in abundance 
on still living but damaged white oak trees in a ring at 
some distance from the source. The aphids appeared to be 
reacting to an increased food supply in the debilitated white 
oaks, presumably a greater concentration of soluble amino 
acids in the leaves, but this was not confirmed. 
Xps bark beetles also Increased in the area of vege¬ 
tation damage where they attacked all pitch pine trees just 
before or after they succumbed to radiation damage. Thus a 
concentration of these beetles occurred in the area near the 
radiation source. Although attracted to dead pine trees 
even at very high radiation exposures, the beetles were not 
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always successful In their establishing a brood* At high 
exposures either the attacking beetles or some stage In the 
resulting generation were killed* Under chronic exposure, 
radiation damage is accumulated until a lethal level le rea* 
ched and so the longer lasting the developmental stage the 
more radiation it accumulates* Thus, the egg stage with its 
short duration might be more radiosensitive than the longer 
lasting larval stage to an acute exposure, but under chronic 
irradiation the latter might succumb to accumulated exposure* 
Species with a protracted life cycle appeared to be more 
sensitive than those with a short developmental time* Shiel¬ 
ding by the wood of tree trunks was an important factor in¬ 
fluencing developmental success when dealing with a point 
source * 
A few species of insects may occur or persist in an 
area of high radiation exposure because of behavioral char¬ 
acteristics or modifications* Strong flying Insects occurred 
as transient visitors to the area of plant kill* Subterranean 
ants occupy a protected niche due to the shielding effect of 
the soil* An ant colony persisted in the area because of 
this and because it modified its behavioral patterns so that 
ants were no longer exposed to high radiation intensities* 
Overall there was a simplification of the community 
structure in irradiated areas since species diversity was 
greatly reduced and only a few species became dominant* 
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3UMMAHY 
A project was established in 1961 at Brookhaven Natio¬ 
nal Laboratory to study the effeots of ohronic gamma radia¬ 
tion on the insect fauna of a natural forest community* The 
study area is typical of the pitch pine-oak-blueberry type 
of forest found on eastern Long Island* The area was irrad¬ 
iated for 20 hours each day vrlth a 9*5^0 curie Cs-137 source* 
A net sweeping technique was employed for sampling 
the shrub insects* A special survey was mad© to determine 
the density and distribution pattern of a species of aphid, 
Mygocallis discolor, on white oak leaves along a decreasing 
radiation gradient* 
A study was made to determine the intensity of Ips 
Infestation and the developmental success of the beetles at 
various radiation intensities* Pines were checked monthly 
to determine the spread of the infestation and its intensity* 
Later, squares of the bark were removed and the developmental 
success was determined by estimates of the per cent of the 
oambial surface utilised. Trap logs were used to provide 
Ips populations at very high radiation intensities for fur¬ 
ther studies of beetle development under irradiation. 
Radiation had extensive effects on the vegetation of 
the experimental forest. Pitch pines were the most sensitive 
species and had died within 75 meters of the source after 
3 years# White oaks were more resistant and died to about 
6Q meters while the ericaceous shrubs were killed entirely 
at 33 meters* 
The abundance of the shrub Insects was greatly de¬ 
pleted near the radiation source In the area of severe shrub 
damage* Except for Fsocoptera, Insect abundance was only 3% 
of normal at 10 meters* Normal abundance for most species 
was reached at about 60 meters. Near the source the leaf 
feeding species and their parasites and predators were mostly 
absent; the Insects present were funglvorous forms or species 
with ample vagility to move through the area* The fungivo- 
rous Fsocoptera were normal or above normal in abundance in 
the area of complete shrub mortality. 
In 1963 a species of aphid, Hygooallls discolor* was 
observed on the radiation damaged white oak trees* This 
aphid was not found in the unaffected forest but became abun¬ 
dant on the debilitated oaks. Over 25 winged aphids per leaf 
were found at exposures of about 9r/day. The density amount¬ 
ed to as much as 350,000 alate aphids per square meter of for¬ 
est floor area, and a total of 10*5 million adult aphids was 
calculated for the affected trees. A possible Increase in 
the soluble amino acid content in damaged leaves was a likely 
causal factor for the aphid inorease. 
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Bark beetles attacked dead and dying pitch pines as 
soon as they were weakened sufficiently by radiation# This 
area of Ips infestation increased as pines further from the 
source died* Most trees became heavily infested, and the 
bark beetle populations were usually attacked by woodpeck¬ 
ers* Trees at high radiation levels were attacked by Ins 
even where the radiation level was lethal* several zones 
of effect on Ips developmental success were recognized at 
different intensities of radiation. First, attacking beetles 
were killed; second, eggs were laid but did not hatch; third, 
eggs hatched but larvae were killed; fourth, larvae were 
successful but pupae died; and fifth, development was com¬ 
pleted. The shielding effeot of tree trunks was an Impor¬ 
tant factor, and developmental success was usually greater 
on the shielded than on the exposed sides. 
Trap logs were used for 3 years for studies of deve¬ 
lopmental success at high radiation intensities. In \9&2 
development in the logs was subnormal, only reaching about 
6q$. In 1963, however, the logs were first sun treated, and 
total utilization at low radiation levels approached 100$** 
The zones of effect were comparable to those in the standing 
trees. The per cent of the cambial surface utilized by l£S 
increased from 9% at 2,300r/day to about 80# at 30Or/day. 
The difference between sides of the same log was as great as 
30/5 because of the self-shielding effect. Trap log results 
*>» ^ 
in 1964 were similar to those of 1963* 
Ants are the only insects reported to have a radia¬ 
tion avoidance response* The habits of a colony of Formica 
Integra changed so that ants were no longer exposed to high 
radiation levels* The ants constructed a 12*5 meter sunken 
runway from the nest leading away from the radiation source, 
but also toward a more abundant food supply* However, they 
also abandoned the habit characteristic of the species of 
appearing on the exposed nest snag and banking the nest with 
plant debris* 
The insect community in the irradiated area was divi¬ 
ded into two parts on the basis of food requirements* These 
could be called ecologically sensitive and ecologically 
resistant* The former was composed of herbivorous popula¬ 
tions and their parasites and predators, while the latter 
contained fungivorous, xylophagous, and saprophagous popu¬ 
lations, insects favoring debilitated plants, and the para¬ 
sites and predators of these groups* 
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Figure 2* 
Distance-dose relationship in the iirradiated forest* 
(Courtesy of Woodwell, 1963a) 
DOSIMETRY OF 
IRRADIATED FOREST ECOSYSTEM 
400 
100 
DISTANCE IN METERS 
1000 
-86- 
Figure 3* 
Pitch pine with template In place prior to removal 
of pine hark square• The clear plastic template is 
hard to dlsoem but the corners of the cutout are 
reinforced with white tape and therefore visible* 
Figure 4* 
Pitch pine after 
bark square* 
the removal of the template and the 
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-90- 
Figure 8* 
Total Insect abundance on the shrub synusla along 
the radiation gradient as determined by sweep sam¬ 
pling* 
Figure 9* 
Total insect abundance (Fig* 8) but with Psocoptera 
omitted, on the shrubs as determined by sweep samp¬ 
ling* 
INSECT ABUNDANCE-SEASONAL TOTAL 
-91- 
Figure 10. 
Abundance of the eercopid* Clastoptera proteus. on 
the shrub synusia as determined by sweep sampling. 
Figure 11. 
Abundance of the clcadellid, Scaphytoplus magdalen- 
sis, on the shrub synusia as determined by sweep 
sampling. 
TOTAL ABUNDANCE OF Clastoptera proteus 
Figure 12* 
Abundance of Ichneumonl&ae on the shrub synusla as 
determined by sweep sampling* 
Figure 13* 
Abundance of Sraconidae on the shrub synusia as 
determined by sweep sampling* 
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Figure 14* 
Abundance of Cleridae on the shrub synusia as deter¬ 
mined by sweep sampling. 
Figure 15* 
Abundance of Aranet&n on the shrub synusia as deter¬ 
mined by sweep sampling. 
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Figure 1?* 
Abundance of Fsoooptera on the shrub synusla as 
determined by sweep sampling* 
Figure 18* 
Abundance of the collembolan* SmInthurus fac1 &llg» 
on the shrub synusia as determined by sweep sampling 
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Figure 21* 
Aphid density on representative leaves from various 
radiation levels. The blaolc dots are winged adults 
the light spots are nymphs* 
APHID POPULATIONS (Myzocollis sp.) ON WHITE OAK IN AN IRRADIATED FOREST ECOSYSTEM JULY 1963 
99 
•d 
£ © 
O £ 
«rl 
as u 
© © 
& p 
as © 
•d 
•d 
© JC i p © £ 
© 
•* 
© © 
& o 
P i w
•d 
a 
as 
CM 
CM 
© 
u £ 
bC 
fe* 
,£ P 
© o 
© 
© © 
as £ 
•w* «r4 
© r“j 
*d © 
«r4 P 
O 
§ P 
o 
bC p 
£ 
•d •*4 
P © 
as 
Jh © 
fcO S' 
*H 
e o 
o 
© o 
© 
© 
© o 
£ -H 
as © 
*d £ 
£ 1 g © 
© 
•P 
as H 
S 
.£ 
© 
© 
.£ 
-P 
RE
LA
TI
V
E 
A
PH
ID
 
A
B
U
N
D
A
N
CE
, 
IR
R
A
D
IA
TE
D
 
FO
R
ES
T 
EC
O
SY
ST
EM
 
M
A
Y
-J
U
LY
 
19
63
 
_
 T T 
l±J CJ 
CO 
o o o o O O 
o in o m o in 
cr> CD si- ro 
snvnaiAiaNi jo yjaiAiriN 
F
ig
u
re
 
23
 
100 
ta 
% 
*0 
CO 
© 
© 
u 
<p 
to 
GS 
© 
c 
p. 
.c 
o 
-p 
•H 
P« 
c 
ea 
© • 
© 
J-f o 
O $« 
60 3 © O 
•P S3 
o © 
£ *3 
O 
0 
-P O 
03 b 
•P 4«« 
© 
© © 
4-. © 
P o 
*-t i 
ta| P 
pi © Mj P 
xl 
4~» 
O s 
09 
K 
«H 
CO © 
© © 
N © ho 
o O 
u c 
P* P 
PR
O
G
R
ES
S 
O
F 
Ip
s 
IN
FE
ST
A
TI
O
N
 
IN
 
PI
TC
H
 
PI
N
E
 
D
EB
IL
IT
A
TE
D
 
BY
 
IR
R
A
D
IA
TI
O
N
 
NOI1V1S33NI JO A1ISN31NI 
r 
/ 
20
 
hr
 
DA
Y 
•101 
Figure 24* 
Chronological progression of Ips Infestation cate¬ 
gories showing the number of new trees in each 
category and the total number of heavily Infested 
trees on each survey date* 
Figure 25* 
Chronological progression of woodpecker predation 
on Ips infested trees showing the total number of 
trees in each category on each survey date* 
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Figure 28. 
Difference between ips developmental success on 
shielded and exposed sides of a medium sized tree 
at 6 meters from the source, notice the short 
atypical galleries on the side toward (exposed) 
and the greater cambial utilization on the side 
away (shielded). Most tunneling on the shielded 
side was done by sciarid larvae, not by Ips 
activity. 

-105- 
Figure 29* 
Difference between Ip a developmental success on the 
shielded and exposed sides of a medium sized tree 
at 11 meters from the source# Notice the longer 
(Pig* 28), normal adult galleries especially on the 
shielded side and the absence of larval galleries. 
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Figure 30* 
Difference between Ips developmental success on 
shielded and exposed sides of a medium sised tree 
at 40 meters from the source* Hottoe evidence of 
mUch Xps larval activity and also the huprestid 
work* 
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Figure 31* 
Difference between Ipa developmental success on 
shielded and exposed sides of a small tree at 8# 5 
meters from the source# Hot ice the niches on 
the shielded side but the absence of larval galleries® 

Figure 32* 
Difference between Ip3 developmental success on 
shielded and exposed sides of a small tree at 30 
meters from the source* Notice the abundant .larvae 
galleries especially on the shielded side* Part 
of the work on the exposed side was made by other 
borers* 
60/y 
-109- 
Flgure 33* 
Developmental success of Xps represented by P®r cent 
of cambial surface utilised in piton pines along the 
radiation gradient for small and medium trees* 
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Figure 34. 
Developmental success of all insects represented toy 
per cent of camtoial surface utilized in pitch pines 
along the radiation gradient for small and medium 
trees* 
100 
80 
60 
40 
20 
0 
100 
80 
60 
40 
20 
0 
DEVELOPMENT SUCCESS OF ALL INSECTS IN RADIATION 
KILLED PITCH PINE 
i i i i i i i |-1-1-1—i—r~iiii- 
SMALL TREES 5-12 cm DBH (68 TREES) 
\ 
\ 
j_i_i_i_i_i_i i i I_i_i i i i* i i i I 
1 I I I I I 1 I I I I I I I TTT 
MEDIUM TREES 12-25 cm DBH (67 TREES) 
J_i_i_i_i_i_l l l J_i_i_i_i_i_i i i I_ 
10 50 100 500 1000 
r/20 HOUR DAY 
Ill 
as 
*8 U 
•P 
c 
o 
u 
<D 
*-« 
P G$ 
© 
hG 
o 
H 
I 
•P 
* 
vr* *d 
r\ © 
<p 
© cS 
«r4 
»d 
&* 
cS 
Si 
S3 
•H 
■P 
c 
© 
0 
ft 
O 
H 
O 
> 
© 
»d • 
ca CQj vO 
P4 On 
&! H 
V-j S3 
o 
4~> © 
r* rH 
3 © 
o r> 
4 © H 
aazmin aovdans nviawvo do iNdoadd 
IO
O
 
5
0
0
 
10
00
 
5
0
0
0
 
r 
/ 
2
0
 
H
O
U
R
 
D
A
Y
 
•»112«* 
Figure 36* 
Amount of Xps development in irradiated trap logs 
at different radiation levels in 1963* 
Figure 37* 
Amount of Ips development in Irradiated trap logs 
at different radiation levels in 1964* 
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Figure 40, 
Representative bark samples showing the amount of 
Ip.g development at different exposure levels* 
TRAP LOGS 1964 
-116- 
Figure 41. 
Short atypical galleries which occurred at high 
radiation exposures. The arrow marks a dead beetle 
still In Its gallery. 
TRAP LOGS 1964 
TOWARD AWAY 
2520 r/ DAY 
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Figure 42* 
Short larval galleries radiating out fro® the adult 
gallery are indicated by the arrow. The larvae 
were killed by accumulated exposure. 
TOWARD 
-118- 
Figure 43. 
Completed larval galleries radiating out from the 
adult gallery* Symmetrical pattern indicates little 
intraspecifio crowding, and no interspecific compe¬ 
tition with other borers was evident* 
TRAP LOGS 1964 
-119- 
Figure 44. 
Typical larval gallery pattern under the crowded 
conditions whloh usually occur In natural situations 
Intraspeolflo competition Is evident, while coape- 
tition with other borers is absent« 
LOGS 1964 
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Figure 45* 
Amount of Ip s development on the shielded and expo 
sed sides of a log at 3 meters from the source* 
TRAP LOGS 1964 
TOWARD AWAY 
r/ DAY 
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Figure 46* 
Amount of Xps development on shielded and exposed 
sides of a log at 5*25 meters from the source* 
TRAP LOGS 1964 
TOWARD AWAY 
r/ DAY 
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Figure 47, 
Amount of Ips development on shielded and exposed 
sides of a log at 8 meters from the source« 
TRAP LOGS 1964 
TOWARD AWAY 
r/ DAY 
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Figure 48. 
Amount of Ips development on shielded and escposed 
sides of a log at 12 meters from the source® 
r/ DAY 
TRAP LOGS 1964 
TOWARD AWAY 
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Figure 49. 
Amount of Ips development on shielded and exposed 
sides of a log at 130 meters from the source. Notice 
the amount of tunneling by other borers. 
TRAP LOGS 1964 
TOWARD AWAY 
r/ DAY 
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Figure 50. 
General view of pine snag 18 meters from the radia¬ 
tion source In the base of which a colony of Formica 
Integra persisted for the three years of irradiation 
Figure 51. 
View of the base of the pine snag shown in Fig* 5$ 
in 1962 showing the debris piled around it by the 
ants. 
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Table 13# 
Distribution and Density of Hyzocallts on White Oak 
Distance Exposure Groups of Mean # of S.E. of 
from Source r/day 10 Leaves Aphids/Leaf* the Mean 
50m 18 3 3.0 ±2.7 
51 17 1 1.9 «n» 
52 16 5 4.2 1.2 
53 15*5 2 3.7 3.0 
54 15 k 4.8 2.6 
55 14 3 3.4 1.1 
56 13 3 10.4 4.2 
57 12.5 3 9.7 1.2 
53 12 5 9.5 2.6 
59 11.5 3 14.9 2.7 
60 11 5 10.0 2.4 
61 10 4 12.0 2.8 
62 9.75 11 15.9 3.4 
63 9.5 5 18.6 2.6 
64 9o25 5 25.6 2.9 
35 9*0 5 20.9 .80 
66 3*75 4 16.2 .84 
6? 8*5 7 8.8 1.6 
68 8.1 10 7.fc 1.3 
69 7*3 4 3.0 .42 
70 7*5 15 2.5 .63 
71 - 
72 7-0 4 1.0 .10 
73 6.7 5 .9 .20 
74 6.5 5 1.1 • 35 
75 6.3 9 .6 .10 
80 5.2 17 .4 .10 
35 4.4 11 
.3 0.0 
90 3*7 11 .1 0.0 
95 3.2 10 .2 0.0 
100 2.8 10 .1 0.0 
120 1.6 10 0.0 0.0 
* The mean of the average number of aphids/leaf for the group 
of 10 leaves. 
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Table l4„ 
Density of Myzooallis in an Irradiated Forest ~ June 19-22, 1963 
Zone Exposure Total W s 0 # Aphids § Aphids Area # Aphids 
meters r/day per Zone per Leaf per Zone sq. tn per 
50-52 17*0 69,814 1.9 132,647 641 20,694 
52-54 15*5 57.352 3.7 212,201 666 31,862 
54-56 14*0 35,072 3*4 289,245 691 41,859 
56-58 12.5 113,412 9*7 1100,113 716 153,647 
58-60 11.5 94,882 14*9 1413,748 741 190,789 
60—62 10*0 81,513 12*0 978,161 766 127,697 
62-64 9*5 110,362 18.6 2052,726 791 259,510 
64-66 9*0 134,744 20.9 2816,158 816 345,117 
66-68 8*5 59,388 8.8 527,018 841 62,666 
68-70 7*8 128,220 3.0 384,661 866 44,418 
70-72 ?«2 97,251 1*8 175,051 891 19,647 
72-74 6*7 110,700 .9 99,630 916 15,877 
74-76 5*3 157,673 • 6 94,604 941 10,054 
76-78 5.9 103,436 • 4 41,375 966 4,283 
73-30 5«5 150,469 *3 45,141 991 4,555 
80-82 4.9 109,682 a 2 21,936 1016 2,159 
82-84 4*6 83,293 .1 8,829 1041 843 
84-86 4*4 91,246 .1 9,124 1066 8 56 
86-88 4*1 119,061 .1 11,906 1091 1,091 
38-90 3.9 163,820 *2 32,764 1116 2,936 
90-92 3*6 113,253 *2 22,651 1141 1,985 
92-94 3.4 87,748 .1 8,775 1166 753 
94-96 3.2 131,052 *1 13,105 1191 1,100 
96-98 3.0 90,316 *1 9,032 1216 743 
98-100 2*9 138,6?1 .1 13,867 1241 1,113 
Sum«*l 0,514,46 B 
-153- 
Table 15. 
Analysis of White Oak Leaves* 
Exposure 
r/day 
Water 
''$4m 
Content 
Ave. 
Total Nitrogen 
% Ave* 
Total 
T 
Lioids Total 
Ave. % 
Sugar 
Ave. 
9.4 
9.4 
0.0 
0.0 
124 
130 
131 
136 
127 
133.5 
1.76 
1*85 
2.1? 
1*86 
1.52 
2.02 
2.14 
2.50 
2.70 
2.74 
2.32 
2.72 
5.41 
4.33 
4.01 
4.14 
4.87 
4.07 
16.0 
16.0 
110 
106 108 
1.91 
i.?8 1.85 
1.86 
1.86 1.86 
3.81 
3.65 3.73 
13.0 
13.0 
106 
109 10?. 5 
1.73 
1.87 1.80 
1.93 
1.95 
1.94 3.57 2.19 2.88 
10.0 
10.0 
110 
39 99*5 
2.06 
1.71 1.89 
1.90 
1.98 1.94 
2.82 
3.26 3.04 
8.0 
8.0 
146 
112 129 
1.77 
1.86 1.82 
1.84 
1.80 1.82 
3.95 
3.86 3.90 
1.6 
1*6 
120 
126 123 
2.03 
1.90 1.97 
2.02 
1.78 1.90 
4.14 
3.25 3.69 
0.3 
0.3 
117 
124 120.5 
1.80 
2.15 1.98 
2.03 
2.13 
2.08 5.08 
4.39 4.73 
#Two trials were run; the first of four samples from two 
radiation levels on July 1?, 19&3> and the second of twelve 
samples from six levels on August 20, 1963* 
**A11 percentages were calculated on a dry weight basis* 
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Table 1?. 
Bark Beetle Developmental Success In Small 
Trees (0-12ca dbh.) as Determined by Bark Square Removal 
Meters Tree Expo sed Side of Tree Shielded Side of Tree 
from dbh. IP 8 Ids Other Ips Ips Ot her 
Source Holes Success Insects Holes Success Insects 
7.5 6.0 0 5% 0% 1 10% 0% 
8*5 11.3 0 2 0 0 50 0 
9.0 7.9 0 5 0 0 10 0 
11. 6.0 1 5 0 2 20 0 
11. 8.3 1 10 0 1 20 0 
11. 8.6 1 15 0 3 40 0 
12.5 11.3 1 15 75 8 20 80 
15.5 10.7 0 5 25 3 10 50 
13*5 7.3 0 0 15 2 50 0 
14/ 6.5 4 40 20 6 40 0 
15* 8.0 3 40 20 4 50 40 
16. n.6 0 20 20 2 40 50 
19* 10.7 3 35 30 3 15 50 
20. 5.3 0 0 10 2 15 25 
20. 7.3 0 12 15 1 35 5 
22. 8.5 4 60 10 3 50 10 
24. 9.3 d 30 40 3 55 50 
28. 8*6 3 60 0 5 90 0 
28. 5.2 3 10 30 4 70 10 
28. 5.3 5 80 0 7 80 0 
29. 11.3 4 50 30 4 40 60 
29. 7.9 6 100 0 5 70 0 
29*5 7.1 9 60 30 16 30 0 
30.5 10.0 1 30 30 - 3 60 30 
32. 7.1 3 60 10 5 95 5 
32. 6.1 1 30 0 4 90 0 
32. 10.6 10 30 30 15 25 40 
33. 9.5 8 40 40 6 40 40 
33. 8.0 3 50 0 4 30 0 
34. 8.8 7 70 0 5 70 0 
35. 6.9 6 25 0 2 35 15 
35. 6.0 5 40 0 5 20 40 
3? • 5 8.0 7 60 0 3 70 10 
38. 7.3 5 40 50 7 75 0 
38. 9-1 6 100 0 4 90 10 
38. 7.7 3 70 0 7 70 0 
33. 6.8 5 60 0 3 50 0 
38.5 7-0 0 0 80 0 0 80 
39. 10.2 2 40 0 5 80 0 
40. 7-7 1 30 15 5 25 15 
41. 9-0 6 50 10 3 30 20 
41. 3.3 6 50 0 7 50 0 
-157- 
Table 1? (cont.) 
Meters Tree Exoosed Side of Tree 
from dbh. Ids Ips Other 
Source Holes Success Insects 
41. 9.0 6 50% 10$ 
41. 8.8 6 50 0 
41.5 10.3 6 50 30 
42. 10.1 3 20 30 
42. 10.4 8 75 20 
42. 11.0 8 50 0 
42. 3.0 3 90 0 
42. 7.5 8 50 10 
46. 7.4 9 60 20 
46. 7*9 2 30 60 
4?. 10.4 6 40 45 
4?. 9.5 7 35 0 
47. 10.1 3 60 20 
48. 3.4 5 35 10 
43. 9.9 8 50 25 
48. 11.4 5 50 45 
49. 11.8 2 25 75 
50. 11«3 10 20 5 
60. 8.8 8 80 20 
60. 10.7 1.6 60 30 
60. 8.7 3 30 20 
6l. 8.7 14 30 15 
63. 8.6 3 40 0 
63. 9.6 11 40 20 
64. 9.4 5 50 40 
64. 10.0 4 80 5 
65* 11.7 7 85 5 
65. 11.0 6 40 40 
Shielded Side of Tree 
~Tps . Ips Other 
Holes Success Insects 
3 
7 
5 
4 
6 
6 
2 
8 
4 
2 
5 
5 ■ 3 
8 
6 
3 
2 
3 
3 
25 
9 
8 
5 
10 
7 
3 
6 
10 
30% 
50 
30 
20 
40 
80 
40 
50 
30 
30 
50 
50 
60 
70 
70 
30 
25 
40 
30 
60 
60 
10 
70 
40 
50 
90 
6o 
50 
30 
0 
20 
60 
50 
30 
35 
15 
30 
60 
50 
40 
15 
30 
20 
25 
20 
20 
40 
5 
15 
50 
V ,’jg 
-158- 
Trees 
Meters 
from 
Source 
6. 
9. 
12* 
12*5 
15. 
20. 
21 * 
23* 
23. 
26. 
28. 
30. 
30. 
34. 
35. 
36. 
37. 
38. 
38. 
33. 
40. 
40. 
40. 
41. 
42. 
43. 
45. 
46. 
46. 
43. 
48. 
48. 
49. 
49. 
49. 
50. 
50. 
50. 
50. 
50. 
Table 18. 
Bark' Beetle Developmental Success In Medium 
(12-25cm dbh.) as Determined by Bark Square removal 
Tree Deposed Side of Tree 
dbh. Ips Ips Other 
Holes Success Insect 
15.7 6 15* 0% 
20.4 1 10 0 
16.0 3 30 0 
12.8 2 35 0 
18.3 6 10 60 
14.0 4 20 30 
20.6 3 10 80 
19.0 3 20 65 
15.0 5 25 25 
l4.4 2 5 90 
14 • 6 4 70 0 
18.9 1 ° 100 
19.3 5 5 50 
16.5 5 15 70 
14.3 2 20 60 
18.9 5 0 30 
18.5 2 15 40 
16.7 8 5 30 
21.2 5 20 40 
24.6 11 10 70 
15.7 6 50 50 
13.2 3 15 70 
15.6 12 6o 20 
19.3 5 50 20 
14.6 5 30 5 
14.6 5 80 5 
12.2 5 40 10 
14.0 11 50 20 
21.5 1 20 70 
13.6 8 20 40 
13.2 5 10 5 
15-7 7 20 0 
17.4 4 25 40 
21.1 8 15 80 
21.8 0 5 35 
18.3 9 10 70 
20.3 5 50 15 
12.7 ? 80 10 
18.3 14 60 10 
13.3 5 10 80 
shielded Side of Tree 
ins Ips Other 
Holes Success Insects 
5 75$ 0% 
2 5 0 
5 30 20 
1 60 30 
5 25 60 
12 90 10 
10 0 100 
4 5 so 
8 20 40 
4 10 90 
6 50 15 
3 0 100 
11 50 50 
10 15 50 
9 75 10 
13 50 10 
2 10 70 
8 5 60 
? 15 25 
13 20 40 
2 5 60 
4 40 30 
9 80 15 
2 30 50 
2 40 15 
5 80 5 
3 50 20 
3 20 80 
1 10 80 
10 60 30 
8 60 5 
9 60 20 
2 20 6o 
2 10 50 
1 10 30 
14 10 80 
8 70 10 
5 35 5 
13 100 0 
6 10 80 
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Table 18 (cont.) 
Meters Tree Exoosed Side of Tree Shielded Side of Tree 
from dbh. ihs Ips Other Ips Ins Other 
Source Holes Success Insects Holes Success Insects 
50. 14.5 8 40 20 2 10 60 
50. 14.0 1 10 60 2 40 20 
51. 12.8 0 35 15 5 50 20 
52. 23.0 1 30 20 2 20 60 
53. 21 e X 6 30 40 6 10 80 
54* 14.8 3 25 60 2 20 50 > 
55* 14.7 2 20 65 1 20 65 
56. 16.8 5 15 75 6 15 85 
56. 12.1 8 so 5 11 90 5 
56. 19.4 9 10 70 9 20 70 
56. 14.6 0 5 so 1 5 80 
56.5 16.0 4 10 85 5 10 35 
57. 20.2 5 10 90 9 20 75 
57- 16*4 10 90 5 7 35 45 
57. 12.0 7 30 50 3 10 60 
60. 17-7 7 50 40 4 50 30 
60. 17.6 4 40 60 8 50 50 
61 • 15*3 6 20 60 7 30 40 
61.5 12.8 6 60 20 9 60 30 
62. 17.3 1 ; 20 80 7 50 20 
62* 13.4 5 40 40 6 60 35 
63* 20.0 8 70 30 10 70 30 
64. 13.0 8 60 20 7 30 30 
64, 14.5 3 50 15 1 30 0 
64. 19.8 5 20 65 2 10 80 
65. 14.5 4 20 80 5 20 80 
65. 18.5 3 30 20 6 40 20 
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Meters 
from 
Source 
3.0 
5.5 
8.0 
12.0 
17.5 
28.0 
38.0 
132.0 
Table 20. 
Averages of Data for Trap Logs In 1962 
Entrance Holes 
Exposed shielded 
0 
6 
1 
1? 18 
33 31 
K 
31 27 
31 40 
0 0 
Caaiblaa Utilized 
Exposed Shielded 
\% 1% 
5 5 
4 4 
14 15 
24 24 
56 56 
53 65 
7 
3 
l of galleries 
Exposed Shielded 
3 
10 
5 
10 
8 
0 0 
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Table 21* 
Trap Log Hesuits - 19&2 
Meters Log Exposed Side of Tree Shielded Side of Tr 
from Dia. Ip s % Utilised Ips % Utilized 
Source . 5^ Holes Top Bot. Holes Top sot. 
3. 9.8cm 0 xi \% 1 \% \% 
3. 12*1 0 1 1 2 1 1 
3. 8.8 1 1 1 0 1 1 
5.5 10*3 3 5 5 13 5 5 
5.5 9.3 6 5 5 4 5 5 
5.5 9.6 7 5 5 7 5 5 
5.5 10.0 8 5 5 5 5 5 
5-5 11.0 3 1 7 8 5 5 
5-5 10.3 6 3 3 4 3 2 
8. 9-6 0 1 1 1 1 1 
8* 10.6 2 2 5 6 2 5 
8* 8.? 0 5 5 3 5 5 
12. io.6 11 5 15 20 5 20 
12* 11.7 13 10 10 25 5 25 
12. 3.7 28 30 30 23 30 30 
12* 13-3 10 jr 5 5 17 5 5 
12. 10.9 8 10 10 14 20 15 
12. 8.9 16 5 25 10 < ~s 15 
17*5 11.7 23 3 3 31 5 5 
17.5 9.3 42 40 50 38 60 40 
17.5 10.6 34 20 30 23 20 25 
28. 11.9 21 70 25 24 50 25 
28. 9.7 46 70 70 37 90 70 
28. 11.6 26 30 70 25 30 70 
33. 12.8 26 55 60 50 90 60 
33. 12.9 38 60 30 52 90 40 
33* 11.3 16 15 5 24 60 30 
38. 10.7 37 80 80 55 90 35 
33. 9.3 30 70 80 37 70 60 
38. 3.3 41 95 60 23 85 20 
132. 9*7 0 0 0 0 0 0 
132. 10.6 0 0 0 0 0 0 
132. 14.0 0 0 0 0 0 0 
132. 11.5 0 0 0 1 1 0 
132. 10.2 0 0 0 0 0 0 
132. 9.9 0 0 0 0 0 0 
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x'abl e 22. 
Averages of Trap Log Data for 196 *2 J 
Meters 
from Dntrenc e Holes 
Per Cent Cambium 
Utilized by Ips 
Per Cc-it 
Utilized 
Cambium 
- Other 
Source Dyeosec Shielded Creased Shielded Srposed Sbie tded 
5.0 o y 10 7 10 0 0 
7.5 9 18 16 28 0 0 
10. 17 18 36 65 0 0 
15- 59 62 80 39 8 10 
po A 62 5'+ 76 ?7.5 1? 20 
25. 24 33 59 64 23 20 
30. 29 '•10 66 82.5 6 c J 
40. 31 35 82 93 10 5 
50. 52 53 53 57.5 37 
50. 65 51 87.5 82.5 8 
130. 94 95 71 75 25 £. j 
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Table 23. 
Tran Log Results - 1963 
Mfitprs Lope SYDosed Side of Tree Shielded Side of Tree 
f ron Dla. Ids % Utilized Other Ips % Utilized Other 
Source 
• 5^ Holes Top Bot. Insects Holes Top BGt. 
Insects 
5. 
5. 
7.5 
13.ocrn 
5 
10 
5 
7 
5 
7 
0% 
0 
5 
14 
7 
10 
7 
10 
0% 
0 
A 
5. 11.0 11 10 10 0 10 12 15 
0 
7.5 
7.5 
7.5 
10.0 
10.5 
14.0 
5 
10 
13 
15 
15 
15 
7 
15 
30 
0 
0 
0 
12 
18 
23 
15 
40 
30 
15 
30 
40 
0 
0 
0 
10. 6.4 20 20 60 0 19 40 70 0 
10. 10.3 15 25 60 0 20 60 80 0 A 
10. 14.0 16 25 25 0 14 60 80 0 
15. 
15. 
15* 
9.9 
11.1 
12.9 
76 
48 
52 
90 
30 
80 
90 
60 
80 
5 
0 
20 
72 
56 
59 
90 
100 
80 
90 
95 
30 
5 
5 
20 
20. 
20. 
9.2 
12.0 
45 
33 
80 
95 
70 
90 
5 
5 
33 
68 
80 
?5 
80 
90 
10 
10 
20. 11.5 57 60 60 40 61 60 60 40 
25. 11.2 23 40 50 15 31 60 60 15 
25. 9.6 18 80 85 5 32 70 95 5 
25. 14.9 31 50 50 50 35 50 50 40 
30. 12.4 24 90 60 10 27 90 60 10 
30. 9.1 33 85 40 2 51 100 35 5 
30. 12.5 29 60 60 5 43 90 70 0 
40. 11.7 24 80 70 15 30 95 95 5 
40. 11.1 2? 95 95 0 31 95 95 0 
40. 8.2 41 70 80 15 44 90 90 10 
50. 9.2 43 20 20 80 45 20 20 30 
50. 9.3 55 80 90 10 61 70 80 25 
50. 11.7 57 70 40 10 54 95 60 5 
60. 10.4 55 90 30 10 58 90 90 10 
60. 9.5 75 85 95 5 34 70 85 10 
60. 10.0 64 90 85 10 6l 80 80 20 
130. 11.1 123 40 40 60 111 40 40 60 
130. 10.6 89 85 80 15 95 90 90 10 
130. 10.2 71 100 80 0 79 95 95 0 
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Table 25. 
Aver©..T© s of Trap Lor Data for 1964 
Meters 
frora Entrance Boles 
Per Cent 
Utilized 
Cambium 
by Ip s 
Per Cent Camb 
Utilized - Ot 
Source Exposed Shielded Expose# ; Shielded Exposed Shiel 
3- 9 12 2 3 0 0 
5.25 8 11 5 6*5 0 0 
P 
w © 14 19 14 43 0 0 
12. 18 43 55 70 0 2 
16. 5 3? 47 
j' f's 68 ?4 2 8 
24.5 6? 77 7? 33 12 12 
33. 37 42 76 83 9 15 
44. 2? 37 72 68 3 28 
60. 49 CO -J 83 87 5 3 
36. 42 49 90 90 5 3 
130. 86 8? 68 65 33 35 
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Table 24. 
Hate of Infestation of Trap Logs as Evidenced by Ins boles 
Meters 
from 
Log 
Die. 6 - 3 0 -64 7- 6 - 64 7-13 -64 7-20 — 6d 7-27 -64 8-16 1—84 
Source • 5® Exp Shi Exp Shi Exp Shi Sxo Shi Etc Shi E.td 3h i 
o 
J * 10.4m 3 5 3 5 3 11 4 11 4 11 6 12 
3. 12. 5 O £ 2 ? 5 3 8 8 8 8 8 3 10 
3. 15.0 9 9 10 11 11 14 11 14 11 14 12 14 
5-25 10.5 0 0 1 2 5 6 6 6 6 6 0 1 j 10 
5.25 12.? "5 
-> 1 
r*' 5 4 5 6 8 o w* 8 8 10 8 
14 5-25 16.2 4 4 4 8 5 10 6 10 7 12 ? 
8. 10.8 2 2 4 4 ? 9 7 9 7 9 18 06 
8, 11.6 2 0 3 3 7 3 3 u 9 4 9 '6 
8.0 15.1 3 4 3 6 4 11 5 11 6 15 16 
12. 10.5 1 2 4 5 *? 1 9 7 12 8 12 16 24 
12. 13.6 4 4 6 6 6 9 8 9 10 9 y 15 43 
12. 16.5 5 4 9 7 13 8 15 9 17 15 23 61 
16. 5 9.9 4 0 8 5 8 5 0 10 9 10 48 55 
16.5 14.1 1 4 5 8 5 9 8 9 8 9 23 39 
16.5 18.9 5 8 5 8 10 10 13 14 14 17 41 46 
24.8 11.4 2 5 8 5 8 8 10 13 10 13 58 67 
24.5 13.5 5 5 8 5 9 10 19 15 21 15 73 80 
24.5 14.7 6 3 6 6 <-? 1' 7 10 10 11 12 69 33 
33. 12.0 4 2 5 6 5 8 6 8 3 9 43 51 
33. 12.6 1 4 2 8 3 10 5 11 5 11 29 41 
33. 14.5 5 5 10 9 14 15 16 15 1? 15 33 35 
44. 12.0 2 1 s 4 7 5 10 6 10 8 20 33 
44. 12.? 3 d 4 ? 4 7 5 8 6 8 1 q j.. 7 23 
44. 14.? 2 2 7 5 9 5 9 6 11 6 91 49 
60 • 12.2 2 3 4 4 5 ? 12 7 12 8 37 40 
60. I3.I 5 3 ? 15 10 15 13 15 13 15 59 55 
60. I5.I 5 - 4 11 10 17 13 21 15 21 15 51 60 
86. 9.? 1 0 11 7 11 9 13 11 13 11 33 31 
86. 12.6 4 0 4 3 7 4 13 7 13 7 35 40 
86. 14.2 0 2 8 10 10 11 14 16 15 16 5? 75 
130. 8.6 3 4 8 12 10 12 19 17 20 17 75 73 
130. 11.2 3 1 4 14 3 16 19 19 19 19 95 88 
130. 12.? 6 4 6 8 14 12 21 23 21 23 37 101 
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Tabl© 26. 
Tran La% Results - 1964 
Meters Lor Exposed Side of Tree Shielded Side of Tree 
from. Dla. ips % Utilized Other Xps % Utilized Other 
Source • 5ni Boles Top Bot. Insects Holes Top BOt. 
Insects 
3. 10.4cm 6 2 2 0% 12 5 5 
0% 
A 
3. 
3. 
12.5 
15.0 
8 
12 
2 
2 
2 
2 
0 
0 
10 
14 
2 
2 
2 
2 
0 
0 
5.25 
5.25 
5.25 
10.5 
12.7 
16.2 
8 
10 
7 
5 
5 
5 
5 
5 
5 
0 
0 
0 
10 
8 
14 
10 
2 
10 
10 
2 
5 
0 
0 
0 
3. 10.8 13 25 20 0 36 60 70 0 
8. 11.6 9 10 10 0 6 10 10 0 
So 15.1 15 10 10 0 16 40 70 0 
12. 
12. 
10.5 
13.6 
16 
15 
40 
70 
40 
60 
0 
0 
24 
43 
60 
90 
60 
70 
0 
5 
12. 16.5 23 70 50 0 61 90 70 0 
l6*5 9*9 48 60 60 0 55 80 85 5 
16.5 i4.i 28 70 70 0 39 70 70 5 
16.5 18.9 41 30 70 5 46 70 70 15 
24*5 11.4 58 60 60 10 67 80 80 10 
24.5 13*5 73 90 90 5 80 90 90 5 
24.5 14. ? 69 30 80 20 33 80 80 20 
33. 12.0 43 75 80 13 51 70 60 35 
33* 12.6 29 50 00 0 41 95 95 0 
33. 14.5 38 85 85 10 35 90 90 10 
44. 12.0 20 60 70 5 38 80 60 25 
44. 
44. 
12.? 
14.7 
19 
41 
80 
70 
80 
70 
5 
0 
23 
49 
80 
60 
80 
50 
25 
35 
60. 12.2 3? 65 75 0 40 35 85 0 
60. 13*1 59 90 90 10 55 35 35 0 
60. 15*1 51 90 90 5 60 90 90 0 
86. 9*7 33 95 90 0 31 95 35 5 
86. 12.6 35 90 90 10 40 90 90 10 
86. 14.2 5? 95 80 5 75 90 90 10 
130. 8.6 75 60 60 40 73 60 70 35 
130. 11.2 95 70 70 30 83 70 70 30 
130. 12.7 87 70 70 30 101 60 60 40 
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Table 27. 
Pine Trap Los; Dosimetry - 1964 
Meters 
from 
Log 
Dia. Lours Dosimeter Reading Dose per 20hr Day 
Source . 5® Exposed Exposed Shielded. Exposed Shielded 
3. 10.4 16 2040. 915- 1144. 
3. 12.5 2000. 865* 2516. 1081. 
3. 15.0 2000. 626. ?8l. 
5.25 10.5 16 1290. 715. 894. 
5.25 12.? 1320. 585. 1638 s 731. 
5.25 16.2 1320 0 520. 650. 
3. 10.3 16 615. 335. 419. 
3. 11.6 635. 315 • 769 • 394. 
8. 15.1 595. 280. 350. 
12. 10. 5 16 295. 164. 205. 
12. 13.6 295. 158. 375. 198. 
12. 16.5 310. 143. 179. 
16.5 9.9 16 160. 105. 131. 
16.5 14.1 164. 84. 206. 105. 
16.5 13.9 171. 79. 99. 
24.5 11.4 56 270. 153. 56 • 
24.5 13.5 260. 158. 94.6 54. 
24.5 14.7 265. 140. 50. 
33. 12.0 56 130. 80. 29. 
33. 12.6 140. 84. 48. 30. 
33. 14.5 140. 80. 29. 
44. 12.0 56 SO. 52. 19. 
44. 12.? 63. 40.5 2?. 14. 
44. 14.? 82. 55. 20. 
60. 12.2 56 40. 23. 8. 
60. 13.1 35. 20.5 13. 7. 
60. 15.1 35.5 18.5 7. 
36. 9.? 136 34.5 22. 3.2 
36. 12.6 34. 21. 5. 3-i 
86. 14.2 35. 18. 2.6 
130. 8.6 136 7.5 5.3 > 0.8 
130. 11.2 5.5 4.0 1.0 0.6 
130. 12.? 7.8 4.2 0.6 
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